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STABLE IMMUNOGENIC PRODUCT COMPRISING ANTIGENIC 
HETEROCOMPLEXES 

Field of the invention 
5 The present invention relates to stable immunogenic products 

comprising immunogenic protein heterocomplexes for obtaining a humoral 
immune response with production of specific antibodies raised against one 
ore more antigens, in particular against a « self » antigen, as well as their 
use in the field of vaccines. 
10 Prior art 

Obtaining a high level antibody response from a given antibody, in 
an individual, is an object commonly sought, whether the antigen is a « 
foreign » antigen or a « self » antigen. 

However, the problem of a good recognition of the antigen against 
15 which an antibody response is being sought, in an individual, should be 
solved in a number of cases, more particularly (a) when the antigen of 
interest behaves like a « hapten », i.e. a low molecular mass chemical 
structure which is little or not immunogenic under a free form, but that, 
once fixed on a high molecular mass molecule, is able to induce the 
20 production of specific antibodies of such a hapten, and (b) when the antigen 
of interest is a self protein, i.e. a protein being naturally produced in the 
individual, for which there exists an immune tolerance due to the deletion 
of corresponding lymphocyte T clones, during the development of the 
immune system. 

25 In order to cause, or increase, the recognition of an antigen of 

interest by B cells, various immunogenic constructions were developed in 
the state of the art. 

A first immunogenic construction form comprises a covalent 
coupling of the antigen of interest on a carrier molecule, the carrier 

30 molecule bringing structures recognized by the auxiliary T lymphocytes (« 
T helper » cells), in association with class II molecules of the 
Histocompatibility Major Complex (HMC), and activating the auxiliary T 
lymphocytes then producing various cytokins, amongst which IL-2, said 
cytokins activating in turn the specific B cell clones of the antigen of 

35 interest. The specific B cells of the antigen of interest, once activated, 



multiply and produce antibodies specific to the antigen of interest, which is 
the objective being sought. Generally, such a type of immunogenic 
constructions comprises products of the covalent chemical coupling 
between the antigen of interest and the carrier molecule, which, after 
5 purification and removal steps of the non coupled products, are final 
products with a well defined chemical structure. 

The first form of an immunogenic construction is for example 
illustrated by the article by Richard and al. describing the preparation of 
products of the covalent coupling between IL-9 and ovalbumin (Proc. Natl. 

10 Acad. Sci. USA, Vol. 97(2): 767-772). It is also illustrated in such US 
Patent 6,340,461 (Terman) which discloses coupling products between one 
or more copies of an antigen of interest, against which a specific antibody 
response is being sought in an individual, and a carrier molecule consisting 
in a « Superantigen ». The antigen of interest is coupled exclusively 

15 covalently to the carrier molecule, for example, by means of glutaraldehyde 
(also called « pentanedial »), the non covalently coupled products being 
removed in order to obtain a chemically well defined final product. 

Optionally, the product from the covalent coupling between the 
antigen of interest and the superantigen could be prepared in the form of a 

20 polymer of said coupling product, for example, through a non covalent 
bond of the monomeric coupling products between one another, through 
ionic interactions, adsorption interactions as well as biospecific interactions. 
For example, the monomeric coupling products could form complexes with 
highly positively or negatively charged molecules, through salt bridges 

25 produced in low ionic strength conditions. Larges complexes of monomeric 
coupling products are prepared using charged polymers such as poly(L- 
glutamic acid) or poly(L-lysine) polymers. According to another 
embodiment of a monomeric coupling product polymer, the exclusively 
covalent coupling products between the antigen of interest and the 

30 superantigen could be adsorbed or coupled non covalently at the surface of 
microparticles, such as latex beads or other hydrophobic polymers. 

A second embodiment of such immunogenic constructions 
commonly called « MAP » structure (for « Multi-Antigenic Protein ») 
generally have the form of a protein backbone comprised of a linear or 

35 branched, poly(lysine) polymer, onto which one or more antigens of interest 



are covalently bound. 

A third embodiment of such immunogenic constructions consists in 

microparticles onto which fixed the antigen(s) of interest is/are bound. 

Various forms of antigen carrier microparticles are known. 
5 Are known, for example, iscomes (for « immunostimulating 

complexes ») comprised of an antigenic complex and an adjuvant, the 

QuilA compound. 

Liposomes are also known having the same inconvenients as the 

iscomes, i.e. more particularly some toxicity and immunological side 
10 effects, due to their lack of purity. 

Biodegradable microparticles are also known such as lactic acid 

and glutamic acid polymers (Aguado and Lambert, 1992, Immuno. Biol., 

Vol. 184: 113-125) as well as starch particles (US Patent Application 

2002/0098203 - Gutavsson et al.), in the polymeric matrix of which 
15 antigens of interest are trapped. Such particles release the antigen under 

their soluble form during the degradation of the polymeric matrix. 

Particles have also been disclosed exclusively comprised of hybrid 

recombinant proteins, as disclosed in French Patent Application FR 2,635, 

532 (Thiollais et al.). 
20 Porous microspheres are also known wherein the antigens are 

immobilized within micropores through captation or physical coupling, as 

disclosed in the US Patent 5,008,1 16 (Cahn). 

However, the various solutions suggested in the state of the art 

share in common at least one technical inconvenient related to their 
25 preparation method, i.e. the loss of a high proportion of the antigenic 

material of interest, due to a necessary step for removing the non coupled or 

non adsorbed antigens. 

Moreover, while the prior art techniques allow to provide an 

association between the low molecular mass antigen of interest with a 
30 carrier molecule, they are generally not adapted to coupling a high 

molecular mass antigen of interest, for example, of more than 10 kDa, with 

the carrier molecule, because, in particular, of steric hindrances preventing 

coupling a high number of molecules of antigens of interest having a high 

molecular mass with an identical carrier molecule. 
35 Finally, most if not all the known peptide antigenic constructions 



encompass in their structure a single carrier molecule, which is a 
t e chnical tecnically inconvenient when the objective is to induce a 
preventive or therapeutic immune response both against the antigen of 
interest and the carrier molecule itself. 
5 There is therefore a need in the state of the art for improved 

immunogenic constructions allowing for the production of a high level of 
antibodies specific to an antigen of interest in an individual where such a 
humoral immune response is sought, being less expensive, simple to 
prepare and able to be synthetized reproducibly. 

10 Summary of the invention 

The present invention provides new immunogenic constructions 
allowing to solve the various technical problems encountered with the 
immunogenic constructions as known in the prior art and allowing to meet 
the above-described various technical needs. 

15 The object of the invention is to provide a stable immunogenic 

product for inducing antibodies raised against one or more antigenic 
proteins in a subject, characterized in that it comprises protein 
immunogenic heterocomplexes consisting of associations between (i) 
antigenic protein molecules and (ii) carrier protein molecules and in that 

20 less than 40% of the antigenic proteins (i) are covalently linked to carrier 
protein molecules (ii). 

Another object of the invention is also an immunogenic product 
comprising stable protein immunogenic heterocomplexes for inducing 
antibodies raised against one or more antigenic proteins in a subject, each 

25 heterocomplex comprising (i) a plurality of antigenic proteins, linked to a 
(ii) carrier protein molecule, characterized in that less than 40% of the 
antigenic proteins (i) are covalently linked to carrier protein molecules (ii). 

Preferably, the immunogenic heterocomplex making up the 
immunogenic product according to the invention comprises 5 to 50 

30 antigenic proteins (i) for one carrier protein molecule (ii), preferably 20 to 
40 antigenic proteins (i) for one carrier protein molecule (ii). 

Preferably, the covalent bonds between one or more antigenic 
proteins (i) and the carrier protein molecules (ii) occur by means of a 
functional binding chemical agent. 

35 It is meant under antigenic molecule of interest, any protein 



comprising one or more B epitopes of a native antigenic protein against 
which the production of antibodies is being sought. Said antigenic molecule 
of interest can consist in the native protein itself or a protein derivate of the 
native protein, such as a peptide fragment of the native protein, as well as 
5 any biologically inactivated form of the native protein obtained through 
chemical, physical treatment or genetic mutation. The antigenic molecule 
of interest could also consist in a homo-oligomer or a homo-polymer of the 
native protein as well as a homo-oligomer or a homo-polymer of a peptide 
fragment of the native protein. The antigenic protein of interest could also 

10 consist in a hetero-oligomer or a hetero-polymer comprising a combination 
of several distinct peptide fragments initially included in the native protein. 

According to the general embodiment of an immunogenic product 
according to the invention, the carrier protein molecule (ii) is an 
immunogenic protein inducing the production of T helper lymphocytes 

15 and/or of cytotoxic T lymphocytes raised against cells having at their 
surface said carrier protein molecule or any peptide being derived 
therefrom, in association with presenting molecules of the Major 
Histocompatibility Complex (MHC), respectively of class I and/or class II. 
The carrier protein molecule (ii) could also be an immunogenic protein 

20 inducing both the production of T helper lymphocytes and the production of 
antibodies by B lymphocytes raised against the carrier protein. 

According to an embodiment of a— particular interest, the 
immunogenic product is characterized in that the carrier protein molecule 
(ii) is an immunogenic protein inducing the production of T cytotoxic 

25 lymphocytes raised against cells having at their surface said carrier protein 
molecule or any peptide being derived therefrom, in association with 
molecules of the Major Histocompatibility Complex (MHC) class I. 

The preferred immunogenic products according to the invention are 
selected amongst immunogenic products comprising the following 

30 heterocomplexes, wherein the antigenic proteins (i), on the one hand, and 
the protein carrier molecule (ii), on the other hand, are respectively: 

a) (i) IL-4 and (ii) KLH; 

b) (i) alpha interferon and (ii) KLH; 
C)(i) VEGF and (ii) KLH; 

35 d)(i)IL-10and(ii)KLH; 



e) (i) alpha interferon and (ii) gp 160 of VIH1 

f) (i) IL-4 and (ii) the Bet v 1 allergenic antigen; and 

g) (i) VEGF and (ii) the papillomavirus E7 protein; 

h) (i) ) the inactivated 

5 protein. 

i) (i) an IgE iSQtype hu^ Formatted: Font: Not Bold 

Tat protein; 

j)(i) the ricinjf fragment and (ji) KLH. ^(Formatted: Font: Not Bold 

The invention also relates to a composition, more particularly, a 
10 pharmaceutical composition, an immunogenic composition or a vaccine 
composition, characterized in that it comprises an immunogenic product 
such as hereinabove described. 

It also relates to a method for preparing an immunogenic product 
according to any one of claims 1 to 16, characterized in that it comprises the 
15 following steps of: 

a) incubating the antigenic proteins (i) and the carrier molecule (ii) 
in a molar ratio (i):(ii) ranging from 10:1 to 50:1 in the presence of a 
binding chemical; and 

b) collecting the immunogenic product comprising immunogenic 
20 heterocomplexes being prepared in step a). 

Description of the figures 

Fig. 1 illustrates the characterization of the immunogenic product 
comprising murine KLH-VEGF heterocomplexes through 
isoelectrofocusing in an agarose gel followed by the emergence of proteins 

25 through immuno-blotting (« Western Blot »). 

Fig. 2 illustrates the characterization of the immunogenic product 
comprising human KLH-VEGF heterocomplexes through 
isoelectrofocusing through a colouration with Coomassie blue, followed by 
an immunoblotting (« Western Blot »). The isoelectrofocusing gel is 

30 represented at the left of the figure. The immunoblotting gels using anti- 
KLH (left) or human anti-VEGF (right) antibodies are illustrated on the 
right of the figure. 

Fig. 3 illustrates the characterization of the immunogenic product 
comprising human KLH-IL4 heterocomplexes through isoelectrofocusing 

35 in an agarose gel followed by the emergence of proteins through 



immunoblotting (« Western Blot »). 

Fig. 4 illustrates the characterization of the immunogenic product 
comprising gp 160-IFNa complexes through isoelectrofocusing in an 
agarose gel followed by the mergence of proteins through immunoblotting 
5 (« Western Blot »). 

Fig. 5 illustrates the immunogenic (humoral) activity of the murine 
KLH-VEGF immunogenic product through determination of the title 
antibody obtained after an immunization of mice. Fig. 5A relates to mice 
immunized with murine VEGF. Fig. 5B relates to mice immunized with the 
10 immunogenic product comprising KLK-VEGF heterocomplexes. Fig. 5C 
illustrates control mice injected with Freund's Incomplete Adjuvant (FIA). 

Fig. 6 shows the immunogenic (humoral) activity of the murin 
KLH-VEGF immunogenic product, through determination of the 
neutralizing power of antibodies obtained after immunization, towards the 
15 angiogenic activity of the VEGF protein. 

Fig. 7 illustrates the immunogenic (humoral) activity of the human 
KLH-VEGF immunogenic product, through determination of the antibody 
title obtained after immunization of mice. 

Fig. 8 illustrates the immunogenic (humoral) activity of the human 
20 KLH-VEGF immunogenic product, through determination of the 
neutralizing power of antibodies obtained after immunization, towards the 
angiogenic activity of the VEGF protein, measured through the 
proliferation of endothelial cells. 

Fig. 9 illustrates the immunogenic (humoral) activity of the murine 
25 KLH-IL4 immunogenic product, through determination of the title antibody 
obtained after immunization. 

Fig. 10 illustrates the immunogenic (humoral) activity of the 
murine KLH-IL4 immunogenic product, through determination of the 
neutralizing power of antibodies obtained after immunization, towards the 
30 inducing activity of the proliferation of HT-2 cells by the IL4. 

Fig. 1 1 illustrates the results of the production of the IgG and IgE 
class antibodies raised against Bet v 1, after the injection of birch-tree 
pollen, to mice preliminarily immunized with an immunogenic product 
according to the invention comprising KLH-IL4 complexes. 
35 Fig. 12 illustrates the immunogenic (humoral) activity of the human 



KLH-IL4 immunogenic product through determination of the neutralizing 
power of antibodies obtained after immunization, towards the inducing 
activity of the proliferation of HT-2 cells by the ILA. 
Detailed description of the invention 
5 The invention provides new immunogenic constructions inducing a 

high level of production of antibodies specific to an antigen of interest, in 
an individual 

The immunogenic protein heterocomplexes according to the invention 

It has been shown according to the invention that the production of 

10 a high level of antibodies specific to an antigen of interest could be 
obtained, in an individual, through the immunization of such an individual 
with an immunogenic product where said antigen of interest is associated 
with a carrier protein molecule, the association between said antigen of 
interest and said carrier protein being partially covalent and partially non 

15 covalent 

More specifically, it has been shown according to the invention that 
an excellent antibody response raised against an antigen of interest is 
obtained when an individual is being immunized with a stable 
immunogenic product comprising protein heterocomplexes, wherein the 

20 heterocomplexes comprise stable associations between antigen of interest 
and said carrier protein molecule and wherein only a low proportion of such 
associations is due to a covalent bond between the antigen of interest and 
the carrier protein molecule, the other associations between the antigen of 
interest and the carrier protein molecule being produced by weak bonds, 

25 ionic interactions, hydrogen bonds, Van der Waals forces, etc. 

In particular, it has been shown according to the invention that an 
optimum antibody response is reached when, in a stable immunogenic 
product such as described hereinabove, less than 40% of the molecules of 
the antigen of interest are covalently linked to the carrier protein molecules. 

30 According to the invention, an antigenic molecule of interest is covalently 
linked to a carrier protein molecule by « one » covalent bond means that 
said molecule of antigen of interest is covalently linked, chemically, to said 
carrier protein molecule, by at least one covalent bond, i.e. optionally by 
two covalent bonds or more. 

35 The percentage of carrier protein molecules and of antigenic protein 
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proteins of interest linked between one another through covalent bonds in 
an immunogenic product of the invention can be easily checked by the man 
of the art. 

For example, determining the percentage of antigenic molecules of 
5 interest linked to the carrier protein molecules through a covalent link in an 
immunogenic product of the invention could be made using the following 
steps of: 

(i) submitting said immunogenic product in solution to denaturing 
and reducing conditions; 
10 (ii) performing a size exclusion chromatography step with the 

product as obtained at the end of step (ii) during which the various protein 
components with decreasing molecular mass are successively eluted from 
the size exclusion chromatography support; 

(iii) measuring the amount of antigen of interest linked through a 
15 covalent bond to the carrier molecule in the eluate fraction containing the 

protein components with the highest molecular mass; 

(iv) comparing the amount of antigen of interest measured in step 
(iii) with the total amount of antigen of interest initially included in the 
starting immunogenic product. 

20 In step (i) of the method for determining the above-described 

covalent link percentage, incubating a given amount (in number of moles or 
in weight) of the immunogenic product of the invention under denaturing 
and reducing conditions leads to a disassociation of the weak bonds 
between the various protein components not linked between one another 

25 through a covalent bond. 

Amongst preferred denaturing conditions there is the presence of 
urea, for example, in the final 8M concentration, or the presence of SDS, 
for example, in the 1% final concentration in total weight of the solution 
containing the immunogenic product. Amongst preferred reducing 

30 conditions there is the presence of P-mercaptoethanol, for example in the 
5% final concentration of the total volume of the solution containing the 
immunogenic product. 

In step (ii) of the method for determining the percentage of 
molecules of antigen of interest and molecule of carrier protein linked 

35 between one another through covalent bonds, the size exclusion 
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chromatography support is selected by the man of the art according to his 
technical general knowledge. For example, the man of the art could make 
use of chromatographic supports as marketed by the Pharmacia Corporation 
under the « Superdex 75™ » and « Superdex 200™ » trade marks. 
5 In step (ii), the molecular fraction corresponding to the carrier 

molecule covalently linked to the molecules of antigen of interest is eluted 
first, before the eluate fraction(s) containing the antigen of interest under a 
free form. The antigen of interest being eluted under a free form 
corresponds to the fraction of the antigen of interest, which was not 

10 covalently linked to the carrier molecule, within the starting immunogenic 
product. It is on the high molecular mass protein fraction that occurs the 
measurement of the amount of the antigen of interest covalently linked to 
the carrier protein molecule, for example, in an immuno-enzyme test, in a 
radioimmunologic test or in an immunofluorescence test, either direct or 

15 indirect (« sandwich »), using antibodies specific to the antigen of interest 
and which do not have any immunologic reaction crossed with the carrier 
protein molecule. 

In step (iii), the amount of the antigen of interest covalently linked 
with the carrier protein molecule, being measured as described hereinabove, 

20 is compared with the initial amount of the antigen of interest being included 
in the given amount (in number of moles or in weight) of the starting 
immunogenic product and the percentage of the antigen of interest is 
thereby calculated, which is covalently linked to the carrier protein 
molecule, in the immunogenic product of the invention. 

25 The percentage of carrier protein molecules and of antigenic protein 

proteins of interest linked between one another through covalent bonds, in 
an immunogenic product of the invention, can be easily checked by the man 
of the art, making use of a second method comprising the following steps 
of: 

30 a) immobilizing on a support of specifically antibodies raised 

against the carrier protein; 

b) brinding into contact the antibodies raised against the carrier 
protein, which were immobilized on the support in step a), with a known 
amount of molecules of the immunogenic product to be tested comprising 

35 said carrier protein and an antigenic protein of interest; 



c) removing the molecules of the immunogenic product which are 
not linked to the anti-carrier protein antibodies immobilized in step a), by 
means of a buffering aqueous solution comprising one ore more protein 
denaturing agents; 

5 d) dl) bringing into contact (i) immunogenic complexes formed in 

step c) between the immobilized anti-carrier protein antibodies and the 
molecules of the immunogenic product with (ii) antibodies specifically 
raised against the carrier protein; 

d2) separately from step dl) 5 briging into contact the 
10 immunogenic complexes formed in step c) between the immobilized anti- 
carrying protein antibodies and the molecules of the immunogenic product 
with (ii) antibodies specifically raised against the antigenic protein of 
interest; 

e) el) quantifying the antibodies added in step dl) having been 
15 linked to the carrier protein; 

e2) quantifying the antibodies added in step d2) having been 
linked to the antigenic protein; 

f) calculating the ratio between: 

(i) the amount of anti-carrier protein bound antibodies measured in 
20 step el); and 

(ii) the amount of anti-carrier protein bound antibodies measured in 
step e2), 

said ratio consisting in the proportion of carrier protein molecules 
and antigenic protein molecules of interest being linked between one 
25 another through covalent bonds, within the starting immunogenic product. 

In step c) of the above described method, the use of an aqueous 
washing solution containing one or more protein denaturing agents leads to 
a denaturation of the immunogenic product linked to the anti-carrier protein 
antibodies, resulting in the release, in the washing solution, of antigenic 
30 protein molecules of interest which are not covalently linked to the carrier 
protein molecules. Therefore, in step d2) of the method, only the antigenic 
protein molecules of interest being covalently linked to the carrier protein 
molecules are quantified. 

Preferably, the denaturing buffering solution used in step c) 
35 contains a surfactant such as JWEEN®20, in a final concentration^o Formatted: ah caps ) 
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v/v. 

in steps dl) and d2), the amounts of bound antibodies are 
preferably measured through incubating antigen-antibodies complexes 
formed at the end of each of said steps with a new antibody being labelled 
5 through a detectable molecule, respectively: 

(i) in step dl), a new antibody directed against an the anti-carrier 
protein antibody and labelled with a detectable molecule; 

(ii) in step d2), a new antibody directed against an antibody anti- 
antigeni protein of interest and labelled with a detectable molecule. 

10 The detectable molecule is indiscriminately either a radioactive 

molecule, a fluorescent molecule or an enzyme. As an enzyme, peroxydase 
could more particularly be used, its presence being revealed through 
colorimetry, after incubation with the ortho-phenylenediamine (OPD) 
substrate. 

15 A detailed protocol of the above-mentioned method is described in 

the examples. 

By way of illustration, it has been shown according to the 
invention, using the first or the second above described quantification 
methods that: 

20 - in the immunogenic product comprising heterocomplexes 

between the KLH carrier molecule and human alpha interferon molecules, 
from 3 to 8% of the alpha interferon molecules are covalently linked to the 
KLH carrier protein molecule; 

- in the immunogenic product comprising the heterocomplexes 

25 between the KLH carrier protein molecule and murine IL-4 molecules, 
about 1 1% of the IL-4 molecules are covalently linked to the KLH carrier 
protein molecule. 

Obviously, depending on the preparations, the percentage of 
molecules of antigenic protein of interest covalently linked to the carrier 

30 protein molecules could significantly vary. However, in all cases, such a 
percentage is always lower than 40%. 

The object of the invention is to provide a stable immunogenic 
product for inducing antibodies raised against one or more antigenic 
proteins in a subject, characterized in that it comprises protein 

35 immunogenic heterocomplexes comprising associations between (i) 



antigenic protein molecules and (ii) carrier protein molecules and in that 
less than 40% of the antigenic proteins (i) are covalently linked to carrier 
protein molecules (ii). 

Another object of the invention is also to provide an immunogenic 
5 product comprising stable protein immunogenic heterocomplexes for 
inducing antibodies raised against one or more antigenic proteins in a 
subject, each heterocomplex comprising (i) a plurality of antigenic proteins, 
linked to a (ii) carrier protein molecule, characterized in that less than 40% 
of the antigenic proteins (i) are covalently linked to carrier protein 

10 molecules (ii). 

Most preferably, the antibodies with their production being induced 
by the immunogenic product of the invention comprise « neutralizing » or « 
blocking » antibodies. A « neutralizing » or a « blocking » antibody is 
defined, according to the invention, as an antibody the binding of which on 

15 the native protein blocks the biological activity of such a native protein, 
which is an important objective being sought by the invention, when the 
native protein against which the antibodies are raised has a deleterious 
biological activity for the organism, within the targeted pathological context 
of an individual to be treated, for example, when the native protein has an 

20 angiogenic activity, an immunosuppressive activity, as well as an allergenic 
activity, more particularly an interleukin-4 production inducing activity. 

A « carrier protein molecule », included in the immunogenic 
product of the invention, means any protein or peptide being at least 15 
amino acids long, whatever its amino acid sequence, and which, when 

25 partially covalently being associated to the molecules of the antigen of 
interest for forming protein heterocomplexes making up the immunogenic 
product of the invention, allows for a large number of molecules of the 
antigen of interest to be presented to the B lymphocytes. 

According to a first aspect, the carrier protein molecule consists in 

30 one protein or one peptide being at least 15 amino acid long, or also an 
oligomer of such a peptide, comprising one or more auxiliary T epitopes 
("helper") able to activate auxiliary T lymphocytes ("T helper") of the host 
organism for producing cytokins, including interleukin 2, such cytokins, in 
turn, activating and inducing the proliferation of B lymphocytes, which, 

35 after maturation, will produce antibodies raised against the antigenic protein 
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(0. 

According to a second aspect, a carrier protein molecule consists in 
one protein or one peptide being at least 15 amino acid long, or also an 
oligomer of such a peptide, comprising besides one or more auxiliary T 
5 epitopes ("helper"), as described in the above-mentioned first aspect, one or 
more cytotoxic T epitopes, able to induce a cell immune response through 
the production of cytotoxic T lymphocytes specific of the carrier protein 
molecule, such lymphocytes being able to specifically recognize cells 
expressing on their surface said carrier protein or any peptide being derived 

10 therefrom, in association with class 1 Histocompatibility Major Complex 
(HMC) molecules. If need be, the carrier protein molecule consists in one 
oligomer of one protein or one peptide, further comprising be'sides one or 
more T helper epitopes, one or more above defined cytotoxic T epitopes. 

According to a third aspect, a carrier protein molecule consists in 

15 one protein or one peptide being at least 15 amino acid long, as well as one 
oligomer of such a peptide, comprising besides one or more auxiliary 
T epitopes ("helper") as defined in the first aspect, one or more B epitopes, 
able to induce the production of antibodies by lymphocytes raised against 
the carrier protein. 

20 In some embodiments, the carrier protein, besides its T helper, 

used for activating an antibody response against the antigen of interest, 
could also activate a cytotoxic respone against cells carrier peptides of the 
carrier and/or stimulate an antibody response against such a carrier protein 
molecule. 

25 The carrier protein molecule could also consist in a homo-oligomer 

or a homo-polymer of the native protein, from which it is derived, as well 
as a homo-oligomer or a homo-polymer of a peptide fragment of the native 
protein, from which it is derived. The antigenic protein of interest could 
also consist in a hetero-oligomer or a hetero-polymer comprising a 

30 combination of several distinct peptide fragments initially included in the 
native protein from which it is derived. 

As used herein, the expression « antigenic protein » means any 
protein or any peptide being at least 10 amino acid long, including a hapten 
peptide, able to be specifically recognized by receptors for the antigens 

35 expressed by the B lymphocytes of a host organism, whether human or 
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animal, more particularly a mammal, such antigenic protein, once included 
in an immunogenic product of the invention, stimulating the production of 
antibodies recognizing said antigenic protein. 

It is meant under « antigenic protein » any protein comprising one 
5 or more B epitopes of the native antigenic protein against which the 
production of antibodies if being sought. Said antigenic molecule of interest 
could consist in the native protein itself or a protein derivate of the native 
protein, such as a peptide fragment of the native protein, as well as any 
biologically inactivated form of the native protein obtained through 

10 chemical, physical treatment or genetic mutation. The antigenic molecule 
of interest could also consist in a homo-oligomer or a homo-polymer of the 
native protein as well as a homo-oligomer or a homo-polymer of a peptide 
fragment of the native protein. The antigenic protein of interest could also 
consist in a hetero-oligomer or a hetero-polymer comprising a combination 

15 of several distinct peptide fragments initially included in the native protein. 

In an immunogenic product according to the invention, 
advantageously, less than 30% and preferably less than 20% of antigenic 
proteins (i) are covalently linked to the carrier protein molecules (ii). 

In an immunogenic product according to the invention, 

20 advantageously, at least 1%, and preferably at least 2%, of the antigenic 
proteins (i) are covalently linked to the carrier molecules (ii). 

It has been shown that an immunogenic product according to the 
invention, such as hereinabove defined, is stable in an aqueous solution. 
The stability of an immunogenic product of the invention is more 

25 particularly characterized in that said immunogenic product has its own 
isoelectric point, distinct from the isoelectric point of at least one of its 
protein components, respectively the antigenic protein (i) and the carrier 
protein molecule (ii), and in that it therefore migrates according to a distinct 
protein strip from at least one of its protein strips respectively 

30 corresponding to both protein components making it up in 
isoelectrofocusing trials. 

It has also been shown, through immunoblotting trials (« Western 
blot »), that the immunogenic product of the invention migrates in an 
electrophorese gel, under non denaturating conditions, according to a single 

35 protein strip, which illustrates the fact that said immunogenic product has 
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the form of a homogeneous population of soluble protein constructions. 

Moreover, it has been shown that the antigenic protein (i) as well as 
the protein molecule (ii) included under the form of protein 
heterocomplexes in the immunogenic product of the invention were both 
5 recognized by antibodies specifically recognizing each of such proteins. 
Thus, the immunogenic product according to the invention comprises the 
antigenic protein (i) and the carrier protein molecule (ii) in their native 
structure. Such a technical feature of the immunogenic product according 
to the invention is particularly advantageous for inducing an immune 
10 response against native antigens, i.e. an efficient and truly protective 
immune response of the host organism. It has been more particularly shown 
that an immunogenic product according to the invention induces, in the host 
organism to which it is administered, the induction of a strong efficient 
humoral response against native antigens, associated to the production of 
15 neutralizing or blocking antibodies, towards the deleterious biological 
activity of such native antigens. 

It has been shown according to the invention, with various antigens 
of interest, that the humoral immune response obtained using an 
immunogenic product such as defined hereinabove, was 10 to 1000 times 
20 higher than the humoral immune response obtained with the administration 
of a conventional covalent conjugate between the antigen of interest and the 
carrier protein molecule. 

Preferably, in an immunogenic heterocomplex included in the 
immunogenic product of the invention, the plurality of antigenic proteins (i) 
25 is made up of a plurality of specimens of a single antigenic protein. 

Thus, according to a most preferred embodiment, the immunogenic 
product of the invention is implemented for obtaining specific antibodies 
raised against a single antigen of interest. 

It has also been shown according to the invention that an 
30 immunogenic product comprising immunogenic heterocomplexes such as 
hereinabove defined, is particularly well adapted to the immunization of an 
individual, through the production of antibodies, against a « self antigen » 
of interest, i.e. against a protein being naturally produced by said 
individual, for which there exists a tolerance of the immune system, in 
35 particular an at least partial deletion of auxiliary lymphocyte T clones (T 
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helper cells) specifically recognizing said antigen. 

In other words, the presentation of the « self » antigen to the cells 
of said individual's immune system, under the form of an immunogenic 
product comprising immunogenic heterocomplexes of the invention, allows 
5 to « break » the tolerance of the individual's immune system towards such 
an antigen. Without wishing to be bound to any theory, the Applicant 
believes that the opportunity to obtain a high level of antibody response 
against a « self » antibody is due to the presence within the heterocomplex 
of numerous epitopes of the « auxiliary T » type (or T helper) carried by 

10 the carrier protein molecule, activating the auxiliary T lymphocytes, and the 
various cytokins produced by the activated auxiliary T lymphocytes, 
including IL-2, allows to promote some activation of the B cells to « self » 
antigens present in the latent state within the organism, and to thereby break 
the immune tolerance of B cells to « self » antigens. 

15 Thus, according to a preferred embodiment, the immunogenic 

product of the invention is characterized in that the antigenic proteins (i) 
consists in a plurality of specimens of a protein being normally recognized 
as a self protein by the cells of said subject's immune system. 

As the major proportion, more than 60%, of associations between 

20 the antigen of interest and the carrier protein molecule, occurs through non 
covalent interactions, there exists no other theoretical limitation in the 
number of molecules of the antigen of interest associated with a single 
carrier protein molecule, than the steric availability of the molecules of the 
antigen of interest to such a carrier molecule. In particular, the number of 

25 molecules of the antigen of interest associated to a single carrier protein 
molecule is not limited by the number of chemically reactive functions 
carried by the carrier molecule allowing for creating covalent links with a 
plurality of molecules of the antigen of interest. Consequently, the only 
physical limitation seems to be the number of sites of the carrier protein 

30 molecule (ii) available to the antigenic protein (i). 

For the same reasons, the size of the antigen of interest to be 
associated to the carrier protein molecule is not either strictly limited, the 
antigen of interest consequently being able to consist in full proteins of at 
least 10 kDa, such as the various cytokins, as IL-4, IL-10, VEGF as well as 

35 the alpha interferon. 



Moreover, even for the antigens of interest consisting in full 
proteins with a molecular mass higher than 10 kDa, an immunogenic 
heterocomplex of the invention can comprise an association of several 
antigens of interest on a single carrier molecule, if the size of the carrier 
5 molecule makes it possible. 

When the carrier protein molecule has a small size, for example a 
size lower than 10 kDa, or even lower than 5 kDa, the Applicant believes, 
without wishing to be bound to any theory, that the partially covalent 
associations between the antigen of interest and said carrier protein, 

10 forming the protein heterocomplexes included in the immunogenic product 
of the invention, allow for such a conformation of heterocomplexes that 
both the antigen of interest and the carrier protein molecule are available to 
receptors of the immune system cells. 

This is even an additional technical advantage provided to the 

15 immunogenic product comprising heterocomplexes such as hereinabove 
defined, as the presentation to B lymphocytes of a plurality of specimens 
on one single carrier molecule, included in the heterocomplex, enhances the 
« capping » phenomenon through « cross- linking » of receptors of the B 
cell recognizing the antigen, contributing to the activation of the B cell 

20 receiving, in addition, activation signals coming from cytokins produced by 
the activated auxiliary T lymphocytes activated by means of auxiliary T 
epitopes carried by carrier protein molecule. 

Thus, according to a most preferred embodiment of the 
immunogenic product, the latter comprises 5 to 50 antigenic proteins (i) for 

25 one carrier protein molecule (ii), preferably 20 to 40 antigenic proteins (i) 
for one carrier protein molecule (ii). 

The number of molecules of the antigen of interest on one single 
carrier protein molecule respectively depends on the size of the carrier 
molecule and on the size of the molecule of the antigen of interest. The 

30 bigger the carrier molecule is and offers a large association surface with the 
antigen of interest, the more the immunogenic heterocomplex will 
comprise, for one single of the carrier molecules it contains, a higher 
number of specimens of the molecule of the antigen of interest. Similarly, 
the more reduced the size of the molecule of the antigen of interest is, the 

35 larger the number of specimens will be of the molecule of the antigen of 
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interest on the same carrier molecule. 

By way of illustration, it has been shown according to the invention 
that when the carrier protein molecule is KLH, 20 to 40 molecules of IL-4, 
IL-10, alpha interferon or VEGF are associated to each carrier molecule. 
5 It has been shown that the solubility of the immunogenic product in 

an aqueous solution varies with the modification of the balances mastering 
the molecular interactions within heterocomplexes, more particularly the 
electrochemical balances depending on the so-called « weak » (non 
covalent) links as well as the respective concentrations in antigenic proteins 
10 and the carrier protein molecule, as well as with the conditions of ionic 
strength, pH and temperature. 

Preferably, the covalent bonds between one or more antigenic 
proteins (i) and the carrier protein molecule (ii) occur by means of a 
bifunctional bonding chemical agent. 
15 Such a chemical agent could be cyanogen bromide, glutaraldehyde, 

carbodiimide or succinic anhydride. 

As for carbodimides, the following compounds could be used: 1- 
cyclohexyl-3-(2-morpholinyl-(4-ethyl)carbodiimide (CMC), 1 -ethyl-3-(3- 
dimethyaminopropyl)carbodiimide (EDC) and l-ethyl-3-(4-azonia-4,4- 
20 limethylpentyl)carbodiimide, l-cyclohexyl-3-(2-morpholinyl-(4-ethyl)- 
carbodiimide,(l-ethyl-3-(3-dimethyaminopropyl carbodiimide (EDC) and 
l-ethyl-3-(4-azonia-4,4-dimethylpentyl)carbodiimide. 

As homo-bifunctional coupling agents, the following compounds 
could be used: 

25 -N-hydroxysuccinimide, dithiobis (succinimidylpropionate) esters, 

disuccinimidyl suberate, and disuccinimidyl tartrate; bifunctional 
imidoesters dimethyl adipimidate, dimethyl pimelimidate, and dimethyl 
suberimidate; 

-reagents with a sulphydryl, l,4-di-[3'-(2'- 
30 pyridyledithio)propionamido]butane, bismaleimidohexane, and bis-N- 
maleimido-1, 8-octane; 

-bifunctional halides of the aryl type and 4,4 , -dif^uoro-3,3 , - 
dinitrophenylsulfone; 

- SMCC (succinimidyl-4-(N-maleimidomethyl)cyclohexane-l- 
35 carboxylate); 
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- SIAB (N-succinimidyl(4-iodoacetyl)aminobenzoate); 

- SMPB (succinimidyl-4-(p-maleimidophenyl)butyrate); 

- GMBS (N-(.gamma.-maleimidobutyryloxy)succinimide ester); 

- MPBH (4-(4-N-maleimidophenyl) hydrazide butyric acid); 
5 - M2C2H (4-(N-maleimidomethyl)cyclohexane-l-carboxyl- 

hydrazide); 

-SMPT (succinimidyloxycarbonyl-alpha-methyl-alpha-(2-pyridyl- 
dithio)toluene); and 

- SPDP (N-succinimidyl 3-(2-pyridyldithio)propionate). 

10 Preferably, the bonding chemical agent to be used comprises at 

least two reactive aldehyde functions. 

Most preferably, the bonding chemical agent is glutaraldehyde. 
After the product comprising protein heterocomplexes has been 

formed through a coupling of carrier protein molecules with antigenic 
15 proteins with the use of the bonding chemical agent, the resulting product 

could be stabilized by means of a protein stabilizing agent, such as 

formaldehyde, able to create intrachain bonds. 

The immunogenic products comprising immunogenic 

heterocomplexes of the invention have the form of microparticles soluble in 
20 solution, in particular in an aqueous solution, their average size varying 

depending on (i) the size of the carrier protein molecule, (ii) the size and the 

number of antigenic proteins associated to one single carrier protein 

molecule and (iii) the number of carrier molecules associated to the 

antigenic proteins present in a heterocomplex particle. 
25 It has been found that the heterocomplex microparticles described 

in the examples have an average size ranging from 100 nm to 300 nm. 

Most preferably, an immunogenic product comprising 

immunogenic protein heterocomplexes of the invention exclusively 

comprises carrier molecules associated to antigenic proteins, with the 
30 exclusion of any other material. More particularly, a heterocomplex of the 

invention does not comprise any other polymeric, proteinaceous or non 

proteinaceous material, other than the carrier and antigenic proteins 

characterizing it. 

Recently, ZAGURY D et al. (2001, Proc. Nail. Acad. Sci. USA. 
35 98(14):8024-8029), in a bibliographical study, suggested to induce an anti- 



cytokin immunity in patients in order to counteract the abnormal production 
in such pathologies of some cytokins, including interleukins, lymphokins, 
monokins, interferons, physiologically acting in the tissues, locally as a 
factor of programmed cell proliferation, differentiation, or death. 
5 The above-mentioned authors state that the strategies of vaccine 

therapy were, until now, exclusively focused on the antigenic aggressor, 
whether it is a micro-organism, a cell or an allergen, but never attempted to 
fight the deregulation of cytokins induced under the effect of the aggressor. 
Said authors suggest an anti-cytokin vaccination as a prior step to a 

10 conventional vaccination having as an aim to neutralize or block the 
immunotoxic effect of the stroma, and to allow for the normal occurrence of 
the immune reaction adapted towards the antigenic aggressor. 

Moreover, the Applicant's prior work, mentioned in the 
International Application published under WO 00/03732, showed that in the 

15 case of ATL leukemia, the neck of the uterus cancer and the Kaposi 
sarcoma, respectively, three proteins are involved in a local 
immunosuppression at the level of tumors or HIV1 infected cells: 
the HTLV1 virus Tax protein, 
the papillomavirus E7 protein, and 

20 the V1H-1 virus Tat protein. 

The Applicant also stated that some of such immunosuppressive 
proteins, such as the HIV1 Tat protein and the HPV E7 protein (Strains 16 
and 18) also have activating effects on vascular endothelial cells. 

They therefore suggested developing anti-cancer or anti-viral 

25 vaccines comprising a detoxicated immunogenic compound derivate of a 
protein coming from cancer cells, from virus infected cells or stroma 
immune cells, initially immunosuppressive and/or angiogenic with a local 
action, as, for example, a protein derived from the HI VI virus Tat protein, 
the HTLV1 virus Tax protein, papillomavirus E7 protein as well as a 

30 mannan-depending lectin under an inactivated form. 

Now, it has been shown according to the invention that the 
immunogenic product comprising immunogenic heterocomplexes such as 
hereinabove defined allows for the induction of a strong antibody response 
against the various above-mentioned deleterious antigenic molecules. 

35 According to a first aspect, in the immunogenic heterocomplex of 



the invention, the antigenic protein(s) (i) consist(s) in cytokins naturally 
produced by said subject. 

Preferably, the antigenic protein(s) (i) is/are selected from 
interleukin-4, alpha interferon, gamma interferon, VEGF, interleukin-10, 
5 alpha TNF, beta TGF, interleukin-5 and interleukin-6. 

According to a second aspect, the antigenic protein(s) (i) making up 
an immunogenic heterocomplex of the invention is/are immunosuppressive 
or angiogenic proteins, or proteins derived from immunosuppressive or 
angiogenic proteins. 

10 Preferably, the antigenic protein(s) (i) is/are selected amongst a 

papillomavirus E7 protein, the VIH 1 virus Tat protein, the HTLV 1 or 
HTLV 2 virus Tax protein, and the self p53 protein. 

According to a third aspect, the antigenic protein(s) (i) making up 
an immunogenic heterocomplex according to the invention is/are proteins 

15 being toxic at a low dose to man or to a non human mammal. These are 
more particularly various proteins being lethal to man at a dose lower than 
1 mg, lower than 100 jig, lower than 10 jxg, even lower than 1 \ig. These are 
predominantly toxic proteins able to be used for manufacturing so-called 
« biological » weapons, such as ricin, botulic toxins, staphylococcus 

20 enterotoxins, as well as an anthrax toxic protein (EF, LF, PA). 

The carrier protein molecule (ii) included in an immunogenic 
protein heterocomplex of the invention could be a carrier molecule 
conventionally used in immunology, such as KLH, ovalbumin, bovine 
serum albumin (BSA), toxoid tetanos, B cholera toxin, etc. 

25 Moreover, in an immunogenic product of the invention, the protein 

carrier molecule could be selected so as to induce or stimulate, besides the 
production of T helper lymphocytes, a cytotoxic and/or humoral immune 
response against itself, and its counterpart of native protein in the host 
organism, respectively through the activation of cytotoxic T lymphocytes 

30 and of B lymphocytes specific to such a carrier molecule. 

Such a particular embodiment of an immunogenic product of the 
invention is particularly useful when there is simultaneously sought an 
efficient antibody response against an immunosuppressive or angiogenic 
deleterious protein, more particularly, for producing neutralizing or 

35 blocking antibodies, and a cell immune response generated by cytotoxic T 



lymphocytes raised against cells having at their surface the native antigen 
associated to Major Histocompatibility Complex (MHC) class I molecules, 
for example, an antigen of a pathogen, such as the VIH1 virus or a 
papillomavirus, or an antigen specifically expressed in cancer cells such as 
5 CEA, p53,Dil2, etc. 

Thus, according to this particular embodiment, the immunogenic 
product of the invention is characterized in that the carrier protein molecule 
(ii) is an immunogenic protein inducing, besides the production of T helper 
lymphocytes, the production of cytotoxic T lymphocytes raised against 

10 cells having at their surface said carrier protein molecule, or any peptide 
being derived therefrom, in association with Major Histocompatibility 
Complex (MHC) class I molecules and/or the production of antibodies by B 
lymphocytes raised against the carrier protein. 

Thus, immunogenic products comprising immunogenic 

15 heterocomplexes of the invention are efficient immunologic means for the 
active therapeutic vaccination of an individual, whether a human mammal 
or a non human mammal, against a large variety of pathologies. 

Illustrative examples of such immunogenic heterocomplex 
compositions contained in an immunogenic product according to the 

20 invention for preventing or treating, through an active therapeutic 
vaccination, various pathologies are mentioned hereinafter. 

a) For preventing or treating AIDS: 

- Carrier protein molecule (ii): gp 120, gp 160, p24, pi 7, nef or Tat 
proteins of HIV1 virus, detoxicated or stabilized if required, immunogenic 
25 fragments of such proteins as well as an immunogenic protein being derived 
therefrom (Zagury et al., 1998). 

The mimotope gp 120 protein could also be used as described by 
Fouts et al. (2000) and by Fouts et al. (2002). 

-Antigenic protein (i): Tat, IFNa, IL10 and TGFp proteins, 
30 detoxicated if required, immunogenic fragments of such proteins, or an 
immunogenic protein being derived therefrom. 

b) For preventing or treating the neck of uterus cancer: 
-Carrier protein molecule (ii): papillomavirus LI, L2 and E7 

proteins, preferably a papillomavirus from strain 16 or 18, detoxicated or 
35 stabilized if required, immunogenic fragments of such proteins as well as an 



immunogenic protein being derived therefrom (Le Buanec et al., 1999). 

-Antigenic protein (i): E7, IFNa, IL10, TGFp, TNFa and VEGF 
proteins, detoxicated or stabilized if required, immunogenic fragments of 
such proteins as well as an immunogenic protein being derived therefrom. 
5 c) For preventing or treating ATL leukemia induced by the HTLV1 

or 2 viruses: 

-Carrier protein molecule (ii): gp61 and HTLV1 or 2 virus Tax 
proteins, detoxicated if required, immunogenic fragments of such proteins 
as well as an immunogenic protein being derived therefrom (Cowan et al., 
10 1997; Mori etal., 1996). 

-Antigenic protein (i): Tax, IL10, IFNa or TGFp, TNFa, VEGF 
proteins, detoxicated if required, immunogenic fragments of such proteins 
as well as an immunogenic protein being derived therefrom. 

d) For preventing or treating colon cancer: 

15 -Carrier protein molecule (ii): CEA and p53 proteins, detoxicated 

if required, immunogenic fragments of such proteins as well as an 
immunogenic protein being derived therefrom (Zusman et al., (1996)). 

-Antigenic protein (i): IFNa, TGFp, IL10, FasL and VEGF 
proteins, detoxicated if required, immunogenic fragments of such proteins 

20 as well as an immunogenic protein being derived therefrom. 

e) For preventing or treating breast cancer: 

- Carrier protein molecule (ii): Dil2 protein, immunogenic 
fragments of such a protein as well as an immunogenic protein being 
derived therefrom (Yoshiji et al., 1996). 

25 - Antigenic protein (i): IFNa, TGFp, IL10, FasL and VEGF 

proteins, detoxicated if required, immunogenic fragments of such proteins 
as well as an immunogenic protein being derived therefrom. 
J) For preventing or treating pancreas cancer: 

- Carrier protein molecule (ii): CaSm protein, detoxicated if 
30 required, immunogenic fragments of such proteins as well as an 

immunogenic protein being derived therefrom. 

-Antigenic protein (i): VEGF and TNFa proteins, detoxicated or 
stabilized if required, immunogenic fragments of such proteins as well as an 
immunogenic protein being derived therefrom. 



g) For preventing or treating prostate cancer: 

- Carrier protein molecule (i): OSA and ETS2 proteins, detoxicated 
or stabilized if required, immunogenic fragments of such proteins as well as 
an immunogenic protein being derived therefrom. (Sementchenko VI et 

5 al.,1998). 

- Antigenic protein (i): IL6 and TGFp proteins, detoxicated or 
stabilized if required, immunogenic fragments of such proteins as well as an 
immunogenic protein being derived therefrom (Adler et al.,1999). 

h) For preventing or treating some allergies: 

10 - Carrier protein molecule (ii): it is selected amongst molecular 

allogens, such as Bet v 1 (birch-tree pollen), Der p 1 (acarid) and Fel d 1 
(cat) proteins, their immunogenic peptide fragments as well as an 
immunogenic protein being derived therefrom. The Bet v 1 antigen is 
described more particularly by Ferreira et al. (1993), the Der p 1 antigen is 

15 described, in particular, by Tovey et al. (1981) and the Fel d 1 antigen is 
described, more particularly by Morgensterm et al. (1991) 

- Antigenic protein (i): it induces the production of neutralizing or 
blocking antibodies raised against the IL4 cytokin factor, being mainly 
produced by T lymphocytes of Th2 type, orienting the humoral immune 

20 response towards the production of IgE isotype antibodies. According to 
another embodiment, the antigenic protein (i) induces the production of 
neutralizing or blocking antibodies against the IL5 cytokin factor, being 
mainly produced by T lymphocytes of Th2 type. 

According still another embodiment, preventing allergy could occur 

25 by means of an immunogenic product inducing an antibody response 
against the main basophil granulation effector, i.e. IgE isotype antibodies. 
For this purpose, the invention provides an immunogenic product 
comprising (i) an IgE isotype human antibodiy and (ii) the VIH1 inactivated 
Tat protein. 

30 i) For the prevention against lethal proteins used in- biological 

weapons 

Also, an immunogenic product according to the invention could be 
used for immunizing individuals against numerous toxic products used, in 
particular, in chemical and biological weapons, as for example, ricin. 
35 Amongst the most toxic proteins against which an immunization, 
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mainly through the production of antibodies, is being sought, botulic toxins, 
ricin, staphylococcus enterotoxins, Clostridium perfringens toxins and 
anthrax toxic proteins. 

Generally speaking, for producing an immunogenic product 
5 according to the invention, wherein the antigenic protein (i) is a highly toxic 
protein of the above-mentioned type, a previously detoxicated protein is 
used under the form of a toxoid. For detoxicating the protein, before its use 
for producing an immunogenic product according to the invention, various 
methods could be used, and preferably one of the following methods 
10 consisting in: 

a) treating the native toxic protein by glutaraldehyde; 

b) treating the native toxic protein through the combined action of 
formol and glutaraldehyde; or 

C) if need be, through chemical modification of His and Tyr groups 
15 by means of appropriate reagents, for example, through carboxymethylation 
of such amino acid residues. 

For preventing the lethal action of toxins originating from Bacillus 
cmthracis, as proteins, antigenic proteins (i), a detoxicated protein 
originating from an anthrax protein selected amongst EF (« Edema 
20 Factor »), LF (« Lethal Factor ») and PA (« Protective Antigen ») proteins 
are used preferably. 

For preventing the lethal actions of proteins originating from 
Clostridium perfringens, as the antigenic protein (i), a detoxicated protein 
originating from the Epsilon toxin of Clostridium perfringens are preferably 
25 used. 

For preventing the lethal action of toxins originating form 
Clostridium Botulinum, as antigenic proteins (i), a detoxicated protein 
originating from a botulic toxin selected amongst A, B, C, D, E, F and G 
toxins being naturally synthetized in the form a single 150 kDa polypeptide 

30 chain as well as the H c fragment of such botulinic toxins, said fragment H c 
having a molecular mass of approximately 50 kDa, are preferably used. 

For producing inactivated botulic toxins, the man of the art could 
use techniques known per se, more particularly those used for preparing the 
anterior vaccine compositions, such as those described by Fiock et al. or by 

35 Siegel et al. (Fiock, M.A., Cardella, M.A.,Gearinger, N.F., J. Immunol., 
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1963, 90, 697-702; Siegel, L.S., J. Clin. Microbiol, 1988, 26, 2351-2356). 

For preventing the lethal action of toxins originating from ricin 
seed (Ricinus communis), as the antigenic protein (i), a detoxicated protein 
originating from the ricin toxin, preferably the P fragment of ricin, is 
5 preferably used. 

Thus, the invention also provides an immunogenic product 
comprising (i) the p fragment of ricin and (ii) the KLH protein. 

For purifying ricin, the man of the art could use any known 
technique, such as those described by Osborne et al, Kabat et al. or Kunnitz 

10 et al. (Osborne,T.B, Mendel,LB. and Harris,J.F.: Amer. J. Physiol, 1905, 
14,259-269; Kabat,E.A.Heidelberger,M. and Bezer,A.E.: J- Biol. Chem, 
1947, 168,629-; Kunnitz,M. and McDonald,M. :J.Gen.Physiol, 1948,22,25- 
Moule,Y.:Bull.Soc.Chim.Biol, 1951,33,1461-1467). He could also make 
use of the affinity chromatography purification techniques described by 

15 Tomila et al, Nicolson et al. or Olsnes et al. (Tomila,M, Kurokawa, T, 
Onozaki, K. et a/.:Experientia, 1972, 28, 84-85; Nicolson, G.L. and 
Blaustein, J.: J. Biochim. Biophys.Acta, 1972, 266, 543-547; 01snes,S, 
Salvedt, E. and Pihl,A.:J. Biol. Chem,1974,249,803-810). The ricin A and 
B chains could be purified as described by Hedge et al.(Hedge,R. and 

20 Podder,S.K,:Eur.Biochem, 1998, 254, 596-601). 

For preventing the lethal action of toxins originating from 
staphylococcus and more particularly from Staphylococcus aureus, as the 
antigenic protein (i), a detoxicated protein originating from a toxin selected 
amongst SEA (« Staphylococcal Enterotoxin A »), SEB (« Staphylococcal 

25 Enterotoxin B »), SEC (« Staphylococcal Enterotoxin C »), SED (« 
Staphylococcal Enterotoxin D »), SEE (« Staphylococcal Enterotoxin E »), 
SEG (« Staphylococcal Enterotoxin G »), SEH (« Staphylococcal 
Enterotoxin H »), SEI (« Staphylococcal Enterotoxin I ») and TSST-1 (« 
Toxic Shock Syndrome Toxin- 1 ») is preferably used. 

30 The above listed enterotoxins could be prepared by the man of the 

art by means of techniques described in the listed work below, relating to 
the description of each of such toxins. 

SEA is synthesized in the form of a precursor enterotoxin with 257 
amino acids (Huang, I.Y, Hughes, J.L, Bergdoll, M.S. and Schantz, E.J. J 

35 Biol. Chem. 1987, 262, 7006-7013). The mature toxin with a molecular 
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mass equal to 27,100 Da derives from the precursor toxin through the loss 
of a N-terminal hydrophobic leader sequence with 24 amino acid residues 
(Betley, M.J. and Mekalanos, J.J. J Bacteriol., 1998, 170. 34-41). SEA 
exists under 3 different isoforms through their IP. 
5 The SEB precursor protein comprises 267 amino acids (Mr=3 1,400 

Da) with a N-terminal signal peptide with 27 amino acids. Its binding site to 
the receptor of T cells (« T-Cell Receptor » or « TCR ») encompasses the 
shallow cavity, whereas the class II MHC molecule is fixed on an adjacent 
site (Kappler, J.W., Herman, A., Clements, J. and Marrack, P.: J. Exp. 
10 Med., 1992, 175, 387-396; Papageorgiu, A.C., Trauter, H.S. and Acharya, 
K.R. J Mol. Biol, 1998, 277, 61-79; Soos, J.M. and Johnson, H.M. 
Biochem. Biophys. Res. Commun, 1994, 201, 596-602). 

SEC possesses 3 antigenically distinct sub-types: SEC 1, SEC 2 et 
SEC 3. The precursor proteins contains 267 amino acid residues (Houde, 
15 C.J, Hackett, S.P. and Bohach, G.A. Mol. Gen. Genet, 1990, 220, 329- 
333) with a signal peptide with 27 amino acid residues (Bohach, G.A. and 
Schlievert, P.M. : Infect. Immun, 1989, 57, 2243-2252). 

SED is made up of 258 amino acid residues with a signal peptide of 
30 amino acid residues. Its three-dimension structure is similar to the 
20 structure of other bacterial superantigens. 

SEE having a 26,000 Da molecular mass have 81% of A A 
sequence homology with SEA. 

SEG is made up of 233 amino acid residues (Munson, S.H, 
Tremaine, M.T, Betley, M.J. and Welch, R.A.: Infect. Immun, 1998, 66, 
25 3337-3348). 

SEH has a 27,300 Da molecular mass (Su, Y.C. and Wong, A.C.: 
Apll. Environ. Microbiol, 1995, 61, 1438-1443). It does not have any 
crossed immunologic reaction with other enterotoxins. 

SEI has a sequence comprising 218 amino acid residues. This is the 
30 toxin with the lowest homology level with other enterotoxins 

SEJ made up of 269 amino acid residues has a high AA sequence 
homology with SEA, SEE and SED (64-66%). 

Preferably, an immunogenic product according to the invention 
comprises, in combination, several antigenic proteins (i) each derived from 
35 an above-mentioned toxic protein, for example, 2, 3, 4 or 5 antigenic 
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proteins (i) each derived from an above listed toxic protein. 

For example, an immunogenic product according to the invention 
for preparing a vaccine composition intended for preventing the toxicity of 
staphylococcus enterotoxins preferably comprises 2, 3, 4 or 5 antigenic 
5 proteins (i) each derived from a staphylococcus enterotoxin. 

According to a particular embodiment of an immunogenic product 
according to the invention, wherein the antigenic protein(s) (i) is/are 
derived from highly toxic proteins for man, the carrier protein is the KLH 
protein. 

10 Thus, according to a first particular aspect of an immunogenic 

product of the invention, wherein the carrier protein molecule both induces 
the production of auxiliary T lymphocytes (« T helper »), of cytotoxic T 
lymphocytes and of B lymphocytes specific to the carrier protein molecule, 
said carrier protein molecule (ii) is selected amongst the papillomavirus LI, 

15 L2, and E7 proteins. 

Thus, according to a second particular aspect of an immunogenic 
product of the invention, wherein the carrier protein molecule induces, in 
addition to the production of auxiliary T lymphocytes (« T helper »), the 
differentiation of cytotoxic T lymphocytes and of B lymphocytes specific to 

20 the carrier protein molecule, said carrier protein molecule (ii) is selected 
amongst the HIV1 virus gpl60, p24, pi 7, Nef and Tat poteins. 

Thus, according to a third particular aspect of an immunogenic 
heterocomplex of the invention, wherein the carrier protein molecule both 
induces the production of auxiliary T lymphocytes (« T helper »), of 

25 cytotoxic T lymphocytes and of B lymphocytes specific to the carrier 
protein molecule, said carrier protein molecule (ii) is selected amongst 
CEA, p53, Dil2, CaSm, OS A and ETS2 proteins. 

According to a fourth particular aspect of an immunogenic product 
of the invention, wherein the carrier protein molecule induces, in addition to 

30 the differentiation of auxiliary T lymphocytes (« T helper »), the production 
of antibodies raised against the carrier protein molecule, said carrier protein 
molecule (ii) is selected amongst Bet v 1, Der p 1 and Fel d 1 proteins. 

In an immunogenic product according to the invention, the 
immunogenic protein heterocomplexes are selected amongst the following 

35 heterocomplexes, where the antigenic proteins (i), on the one hand, and the 



protein carrier molecule (ii), on the other hand, are respectively : 

a) (i) IL-4 and (ii) KLH; 

b) (i) alpha interferon and (ii) KLH; 

c) (i) VEGF and (ii) KLH; 
5 d)(i)IL-10and(ii)KLH; 

e) (i) alpha interferon and (ii) gp 160 of VIH1; 

f) (i) IL-4 and (ii) the Bet v 1 allergenic antigen; and 

g) (i) VEGF and (ii) the papillomavirus E7 protein; 

h) (i) the inactivated VIH1 Tat protein and (ii) the VIH1 gp 120 

10 protein; 

i) i) an IgE isotype human antibody and (ii) the inactivated VIH1 

Tat; 

j) (i) the ricin |3 fragment and (ii) KLH. 
Method for preparing an immunogenic product comprising 
15 immunogenic protein heterocomplexes of the invention 

Another object of the invention is also a method for preparing an 
immunogenic product comprising the hereinabove defined immunogenic 
heterocomplexes, characterized in that it comprises the following steps of: 

a) incubating the antigenic proteins (i) and the carrier molecule (ii) 
20 in a molar ratio (i):(ii) ranging from 10:1 to 50:1 in the presence of a 

binding chemical agent; 

b) collecting the immunogenic product comprising immunogenic 
heterocomplexes being prepared in step a). 

Preferably, the binding chemical agent is glutaraldehyde. 
25 Most preferably, the method is further characterized in that step a) 

is followed by a stabilizing step of the product comprising the immunogenic 
heterocomplexes by formaldehyde, prior to step b) for recovering the 
heterocomplexes. 

Preferably, when glutaraldehyde is used as the binding chemical 
30 agent, it is present in the coupling reaction medium in a final concentration 
ranging between 0.002M and 0.03M, advantageously between 0.02M and 
0.03M, preferably in a final concentration of 0.026M. 

The coupling reaction with glutaraldehyde advantageously occurs 
for 20 minutes to 60 minutes, preferably 30 minutes, at a temperature 
35 ranging from 20 to 25°C. 



After the coupling step, the excess glutaraldehyde is removed, for 
example, through dialysis by means of a dialysis membrane with a 3 kDa 
cutoff threshold. The dialysis step advantageously occurs at 4°C in a buffer 
adjusted to pH 7.6. 

5 For stabilizing the product comprising the protein heterocomplexes 

as prepared in step a), said product could be treated in solution by the 
formaldehyde, for example, by formaldehyde in a final concentration of 3 
mM. The stabilization reaction is advantageously performed for 12 to 48 
hours, preferably between 20 and 30 hours, and most preferably, for 24 

10 hours. The stabilization reaction using the formaldehyde is advantageously 
stopped through the addition of glycine, preferably in a 0.1M concentration, 
for 1 hour and at a temperature ranging from 20 to 25°C. 
The compositions comprising an immunogenic product comprising 
immunogenic protein heterocomplexes of the invention 

15 Another object of the present invention is also to provide a 

composition comprising an immunogenic product such as hereinabove 
defined. 

The invention also relates to a pharmaceutical composition 
comprising a protein immunogenic product such as hereinabove defined. 

20 Another object of the invention is an immunogenic composition 

characterized in that it comprises, as the active ingredient, an immunogenic 
product as hereinabove defined, in association with one or more 
physiologically compatible excipients. 

It also relates to a vaccine composition characterized in that it 

25 comprises, as the active ingredient, an immunogenic product as hereinabove 
defined, in association with one or more physiologically compatible 
excipients. 

Depending on the target objectives, systemic adjuvants or mucosal 
adjuvants are being used. For example, a mucosal adjuvant is preferably 
30 used for preventing the epithelial tissue cancers and preferably systemic 
adjuvants are used for preventing or treating virus infections such as HIV1 
and HTLV1 as well as for preventing or treating allergies. 

Amongst systemic adjuvants, those of the IF A type are preferably 
used (Incomplete Freund's Adjuvant), as well as calcium phosphate or 
35 alumina hydroxide. 
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Amongst mucosal adjuvants, those preferably used are like B 
chloratoxin (CTB) or a mutant of the LT toxin (LT». 

According to a particular aspect, an immunogenic composition 
according to the invention also comprises one or more immuno-stimulating 
5 agents, in combination with an immunity adjuvant, such as for example, the 
CpG immuno-stimulating agent well known in the state of the art. 

It has indeed been shown according to the invention that the use of 
the CpG adjuvant, and more particularly the CpG adjuvant wherein the 
intra-chain bonds between nucleotides consist in phosphorothioate bonds to 
10 stimulate the simultaneous production of IgG and IgA isotype antibodies, 
after a systemic administration. 

It also relates to a mucosal or systemic vaccine, characterized in 
that it comprises, as the active ingredient, an immunogenic product such as 
hereinabove defined, in association with one or more excipients, including 
15 physiologically compatible adjuvants. 

The immunogenic compositions or the vaccines according to the 
present invention are useful for example in the treatment, both curative and 
preventive, of cancers, more particularly, of cancers induced by viruses 
such, as for example, the ATL (Acute T cell leukemia) caused by the 
20 HTLV1, or the neck of uterus cancer caused by the papillomavirus, as well 
as the Burkitt lymphoma as well as the Kaposi sarcoma caused by the 
viruses from the herpes family, respectively the Epstein-Barr (EBV) and 
the HHV8 as well as in treatment of AIDS or for preventing or treating 
allergic reactions. 

25 The immunogenic products according to the invention could be 

used as follows. 

To a patient, is administered, under a form adapted to the systemic 
or mucosal administration, an immunogenic product comprising 
immunogenic protein heterocomplexes according to the present invention, 

30 for example, intranasally, in a sufficient amount to be therapeutically 
efficient, to a subject in need of such a treatment. The dose to be 
administered could range for example from 10 to 1000 |ig intranasally, once 
a week for 2 months and then, given the transitory character of the antibody 
response directed against the antigen of interest, periodically depending on 

35 the serum antibody rate, for example, once every 2 to 6 months. 
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Two or more different immunogenic products could be 
administered in one single preparation for inducing neutralizing antibodies 
in all the deleterious functional sites should one single molecule not carry 
all the active sites of the overproduced toxin or cytokin which is to be 
5 neutralized. 

As for drugs, the immunogenic products of the invention could be 
incorporated into pharmaceutical compositions adapted for an 
administration through the systemic route or an administration through the 
mucosal route, including the oromucosal route, more particularly, the 
10 intranasal route, the oral route and the vaginal route. The administration 
could be performed in one single dose or a dose repeated once or several 
times after some time interval. 

This is why the present application has also as an object a 
pharmaceutical, curative, or preventive composition, characterized in that it 
15 comprises as an active ingredient, one or more immunogenic products such 
as hereinabove defined. The immunogenic product could be packaged alone 
or mixed with an excipient or a mixture of pharmaceutically acceptable 
excipients such as an adjuvant. Amongst the excipients adapted for the 
intranasal or oral route, are particularly to be selected the capryl caproyl 
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Denmark). 

For the oral administration according to the invention, the active 
ingredient will be associated to a mucosal immunity adjuvant, such as a CT, 
25 LT or CTB mutant. 

Galenic forms are particularly well suited, as described by Boyaka 
et al. « Strategies for mucosal vaccine development » in Am. J. Trop. Med. 
Hyg. 60(4), 1999, pages 35-45. Are also to be mentioned gastro resistant, 
more particularly bioadhesive microgranules, such as described by Rojas et 
30 al. in Pharmaceutical Research, vol. 16, n°2, 1999, page 255. 

Under the particular implemneting conditions, an above-mentioned 
vaccine pharmaceutical composition will be selected, characterized in that it 
comprises a mucosal immunity adjuvant, such a CT mutant (cholera toxin) 
or a LT mutant E. coli labile enterotoxin). 
35 Under other particular implementing conditions, a vaccine 
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pharmaceutical composition will be selected, characterized in that it 
contains an adjuvant absorbing the active ingredient, such as alumina 
hydroxide or gold particles. 

Another object of the present invention is a method for preparing a 
5 composition as described hereinabove, characterized in that are mixed, 
using methods known per se, the active immunogenic product(s) with the 
acceptable excipents, including pharmaceutical acceptable ones and if need 
be, with a systemic or mucosal immunity adjuvant. 

Under preferred implementing conditions of the above-mentioned 
10 method, bioadhesive and gastroresistant microgranules are prepared for the 
digestive route containing the immunogenic active ingredients and, if need 
be, the adjuvants. 

The present invention is further illustrated by the following 
examples. 
15 EXAMPLES 

Examples of heterocomplex preparations 

Exemple 1 : Preparation of murine KLH-VEGF heterocomplex 

0.58 mg of KLH protein is dissolved in 0.5 ml of 10 mM phosphate 
buffer, pH 8.5. To this solution is added 1 mg of murine VEGF dissolved in 
20 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 30 minutes at room temperature. 

The excess glutaraldehyde is then removed by 3 successive 2 hour 
dialyses, each performed in a dialysis tube with a cutoff threshold being 3 
25 kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM. 

The mixture is then treated using formaldehyde at the final 
concentration of 33 mM for 24 hours. Then the reaction is blocked by the 
addition of final 0.1 M glycine for 1 hour at room temperature. 

The mixture is finally dialyzed under the same conditions as the 
30 previously performed dialysis. 

Example 2: Human KLH-VEGF heterocomplex 

Such a heterocomplex is the active ingredient of a vaccine able to 
mainly induce in the vaccinee the production of antibodies neutralizing the 
human VEGF. 

35 0.58 mg of KLH protein is dissolved in 0.5 ml of 10 mM phosphate 
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buffer, pH 8,5. To this solution is added 1 mg of human VEGF dissolved in 
1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 30 minutes at room temperature. 
5 The excess glutaraldehyde is then removed by 3 successive 2 hour 

dialyses, each performed in a dialysis tube with a cutoff threshold being 3 
kDa 5 at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM. 

The mixture is then treated using formaldehyde at the final 
concentration of 33mM for 24 hours. Then the reaction is blocked by the 
10 addition of final 0.1M glycine for 1 hour at room temperature.The mixture 
is finally dialyzed under the same conditions as the previously performed 
dialysis. 

Example 3: Preparation of murine KLH-IL4 heterocomplex 

0.841 mg of KLH protein is dissolved in 0,8 ml of 10 mM 
15 phosphate buffer, pH 8.5. To this solution is added 1 mg of murine IL4 
dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 30 minutes at room temperature. 

The excess glutaraldehyde is then removed by 3 successive 2 hour 
20 dialyses, each performed in a dialysis tube with a cutoff threshold being 3 
kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM. 

The mixture is then treated using formaldehyde at the final 
concentration of 33mM for 24 hours. Then the reaction is blocked by the 
addition of final 0.1 M glycine for 1 hour at room temperature.The mixture 
25 is finally dialyzed under the same conditions as the previously performed 
dialysis. 

Example 4: Preparation of a human KLH-IL4 heterocomplex 

Such a heterocomplex is the active ingredient of a vaccine , able to 
mainly induce in the vaccinee the production of antibodies neutralizing the 
30 human IL4. 

1 mg of KLH protein is dissolved in 1 ml of 10 mM phosphate 
buffer, pH 8.5. To this solution is added 1 mg of murine IL4 protein 
dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
35 the final concentration of 0.026 M for 30 minutes at room temperature. 
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The excess glutaraldehyde is then removed by 3 successive 2 hour 
dialyses each performed in a dialysis tube with a cutoff threshold being 3 
kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM. 

The mixture is then treated using formaldehyde at the final 
5 concentration of 33mM for 24 hours. Then the reaction is blocked by the 
addition of final 0.1 M glycine for 1 hour at room temperature. The mixture 
is finally dialyzed under the same conditions as the previously performed 
dialysis. 

Example 5: Preparation of a KLH-IFNa complex 
10 Such a conjugate is the active ingredient of a vaccine able to mainly 

induce in the vaccinee the production of antibodies neutralizing the human 
IFNa. 

0.625 mg of KLH protein is dissolved in 0,6 ml of 10 mM 
phosphate buffer, pH 8.5. To this solution is added 1 mg of human IFNa 
15 protein dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 30 minutes at room temperature. 

The excess glutaraldehyde is then removed by 3 successive 2 hour 
dialyses, each performed in a dialysis tube with a cutoff threshold being 3 
20 kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM. 

The mixture is then treated using formaldehyde at the final 
concentration of 33mM for 48 hours. Then the reaction is blocked by the 
addition of final 0.1 M glycine for 1 hour at room temperature.The mixture 
is finally dialyzed under the same conditions as the previously performed 
25 dialysis. 

Example 6: Preparation of a gp!60-IFNa complex 

Such a heterocomplex is the active ingredient of a vaccine able to 
induce in the vaccinee the production of antibodies neutralizing both the 
gpl60 structure protein of the HIV-1 virus and the immunosuppressive 
30 IFNa cytokin protein. Moreover, such a heterocomplex should be able to 
induce a cell reaction (chemiokins, auxiliary T, CTL) raised against the 
infected cells expressing the gpl60. 

0.380 mg of gpl60 protein is dissolved in 0,380 ml of 10 mM 
phosphate buffer, pH 8.5. To this solution is added 1 mg of human IFNa 
35 protein dissolved in 1 ml of the same buffer. 
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The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 30 minutes at room temperature. 

The excess glutaraldehyde is then removed by 3 successive 2 hour 
dialyses each performed in a dialysis tube with a cutoff threshold being 3 
5 kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 1 0 mM. 

The mixture is then treated using formaldehyde at the final 
concentration of 33mM for 48 hours. Then the reaction is blocked by the 
addition of final 0.1 M glycine for 1 hour at room temperature. The mixture 
is finally dialyzed under the same conditions as the previously performed 
10 dialysis. 

Example 7: Preparation of a gpl6Q-toxoid Tat heterocomplex (The Tat 

protein is biochemically inactivated) 

Such a heterocomplex is the active ingredient of a vaccine able to 

induce in the vaccinee the production of antibodies neutralizing both the 
15 gpl60 structure protein of the HIV-1 virus and the extracellular Tat protein 

of VIH-1. Moreover, such a complex should be able to induce a cell 

reaction (chemiokins, auxiliary T, CTL) raised against the infected cells 

expressing the gpl60. 

0.550 mg of gpl20 protein is dissolved in 0.550 ml of 10 mM 
20 phosphate buffer, pH 8.5. To this solution is added 1 mg of toxoid Tat 

protein dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 

the final concentration of 0.026 M for 30 minutes at room temperature. 

Then the reaction is blocked by the addition of final 0.1 M glycine 
25 for 1 hour at room temperature. The excess glycine is then removed by 3 

successive 2 hour dialyses each in a dialysis tube with a 3 kDa cutoff 

threshold, at 4°C against 200 ml of phosphate buffer, pH 7.6, 10 mM. 

Example 8: Preparation of a gp!60-GM Tat heterocomplex (The Tat 

protein is genetically inactivated) 
30 Such a heterocomplex is the active ingredient of a vaccine able to 

induce in the vaccinee the production of antibodies neutralizing both the 

gpl 60 structure protein of the HIV-1 virus and the Tat protein regulating 

the VIH-1 . Moreover, such a heterocomplex should be able to induce a cell 

reaction (chemiokins, auxiliary T, CTL) raised against the infected cells 
35 expressing the gpl 60. 
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0.550 mg of gpl60 protein is dissolved in 0.550 ml of 10 mM 
phosphate buffer, pH 8.5. To this solution is added 1 mg of GM Tat protein 
dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
5 the final concentration of 0.026 M for 30 minutes at room temperature. 

Then the reaction is blocked by the addition of final 0.1M glycine 
for 1 hour at room temperature. The excess glycine is then removed by 3 
successive 2 hour dialyses each performed in a dialysis tube with a cutoff 
threshold being 3 kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 
10 10 mM. 

Example 9: Preparation of murine KLH-TNFa heterocomplex 

Such a conjugate is the active ingredient of a vaccine able to mainly 
induce in the vaccinee the production of antibodies neutralizing the murine 
TNFa. 

15 0.625 mg of KLH protein is dissolved in 0,6 ml of 10 mM borate 

buffer, pH 8.8, 150 mM NaCl. To this solution is added 1 mg of human 
IFNa protein dissolved in 1 ml of the same buffer. 

The thus obtained protein mixture is treated using glutaraldehyde in 
the final concentration of 0.026 M for 45 minutes at room temperature. 

20 The excess glutaraldehyde is then removed by 3 successive 4 hour 

dialyses each performed in a dialysis tube with a cutoff threshold being 3 
kDa, at 4°C, against 200 ml of phosphate buffer, pH 7.6 10 mM 150 mM 
NaCl. 

The mixture is then treated using formaldehyde at the final 
25 concentration of 33mM for 48 hours. Then the reaction is blocked by the 
addition of final 0.1M glycine for 1 hour at room temperature. The mixture 
is finally dialyzed under the same conditions as the previously performed 
dialysis. 

Example 10: Preparation of a Tat peptide heterocomplex (19-50KIgE 
30 The Tat peptide (19-50) brings auxiliary helper epitopes. 

Sequence of the Tat peptide to be used: 

Lys-Thr-Ala-Cys-Thr-Asn-Cys-Tyr-Cys-Lys-Lys-Cys-Cys-Phe- 
His-Cys-Gln-Val-Cys-P^ 
Lys 

35 Such a conjugate is the active ingredient of a vaccine able to mainly 
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induce in the vaccinee the formation of (human) anti-IgE antibodies. 

0.1 mg of Tat peptide (19-50) (4.06 x 10" 8 mole) are dissolved in 
0.2 ml of 10 mM borate buffer, pH 8.5. To this solution is added 1 mg of 
human IgE (6.6 x 10" 9 mole) dissolved in 1 ml of the same buffer. 
5 The thus prepared mixture is then treated using formaldehyde at the 

final concentration of 0.026 M for 30 minutes at room temperature. 

The excess glutaraldehyde is then removed by 2 successive 4 hour 
dialyses and a final 16 hour dialysis against a large volume of phosphate 
buffer, 10 mM, pH 7.4 containing 0.8% of NaCl (PBS), at 4°C, using a 
10 dialysis bag with a cutoff threshold being at 10 kDa. (IgE peptide ratio = 
50:1) 

Exemple 1 1 : Preparation of a heterocomplex against the ricin fragment 

Such a heterocomplex is the active ingredient of a vaccine able to 
induce in the vaccinee the formation of neutralizing antibodies directed 
15 against the fragment involved in the binding of the ricin molecule, thereby 
preventing it from exerting its toxic activity. 

To 0.5 mg of KLH (1,1 x 10° mole) dissolved in 0.5 ml of 10 mM 
phosphate buffer, pH 8.2, is added lmg (3,3 x 10~ 8 mole) of a fragment of 
ricin dissolved in 1 ml of the same buffer. The thus prepared mixture is 
20 treated using formaldehyde at the final concentration of 0.026 M for 30 
minutes at room temperature. 

The excess glutaraldehyde is then removed by 2 successive 4 hour 
each dialyses and a 16 hour dialysis against a large volume of phosphate 
buffer, 10 mM, containing 0.8% of NaCl (PBS), using a dialysis bag with a 
25 cutoff threshold being 3 kDa. (KLH:Ricin-a ratio = 1 :30). 

Examples of biochemical characterizations of heterocomplexes 
A. Material and Methods of examples 12 to 23 
The biochemical characterizations of heterocomplexes are 
performed by means of the following techniques: 
30 1 . Antigenicity test 

The study of antigenicity of a heterocomplex compared to the 
antigenicity of poteins making it up is performed by a conventional indirect 
ELISA. Such a technique allows for a protein to be quantitatively measured 
through the specific recognition of an antibody raised against an antigen. 
35 Such a test comprises depositing sample dilutions containing the sought 
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protein in wells of a microtiter plate. A specific polyclonal antibody reacts 
with the immobilized protein. A second antibody, conjugated with 
horseradish peroxydase, specific to the first one is then added. The formed 
complex is revealed through incubation with OPD. The resulting yellow 
5 colour is directly proportional to the amount of bound proteins. The 
absorbance (DO) of each well is measured by means of a microplate reader. 
The amount of protein present in the sample is then determined by means of 
a calibrating range. 

2. Isoelectrofocusing in agarose gel followed by a Western Blot 

10 The isoelectrofocusing in agarose gel allows to separate molecules 

depending on their isoelectric point (Ip) under non denaturing conditions, 
allowing to study heterocomplexes without destroying the weak bonds 
existing within such complexes. 

The isofocusing is followed by an emergence through a Western 

15 blot. After electrophoretic separation, the molecules are transferred on a 
nitrocellulose membrane through capillarity. Such molecules are then 
characterized by immunochemistry. 

3. Measurement of the percentage of molecules of the antigen of interest 
covalently linked to the carrier protein molecule (First method) 

20 Estimating the percentage of molecules of the antigen of interest 

covalently linked to carrier protein molecules in an immunogenic product 
occurs, for example, through molecular sieving on a column containing 
Superdex 200, under denaturing (8 M urea) and reducing (5% beta- 
mercaptoethanol) conditions. 

25 The % of covalently linked molecules of the antigen of interest is 

deducted from the amount of antigen of interest (determined by a 
conventional indirect ELISA) present in the exclusion volume of the 
column. Indeed, the carrier protein molecule, such as KLH, having a 
molecular mass much higher than the highest fractionating limit of the 

30 column being used (200 kDa in this case), exists in the exclusion volume of 
such a column. Thus, under denaturing and reducing conditions, only the 
antigens of interest covalently linked to the carrier protein molecule exist in 
the exclusion volume. 

4. Measurement of the percentage of molecules of the antigen of interest 
35 covalently linked to the carrier protein molecule (Second method) 
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The percentage of cytokin fixed on the carrier protein (KLH) was 
determined by a double sandwich ELISA, by means of a capture antibody 
specifically directed against the carrier protein. 

100 |xl of horse polyclonal antibodies raised against KLH (1 mg/ml) 
5 diluted in a 10 mM phosphate buffer, pH 7.3 NaCl 150mM (PBS) are 
bound in wells of a microtiter plate (high-binding A COSTAR) for 2 hours at 
37°C. After 3 washes in PBS/0,1% T WEEN 20 (PBST) ? th e wel Is are 
saturated with PBS containing 2% of BCS. 

After 1 .30 hour of saturation, the wells are washed three times with 
10 PBST, then heterocomplex 2 by 2 dilutions (10, 5, 2.5, 1.25, 0.625, 0.312 
and 0.156 |xg/ml) made in duplicate, are added in the wells (100 jxl/well). 

After 2 hours of incubation, the wells are washed three times with 
PBST. The TWEEN, a dissociating age^ 

allows to remove all the molecules which are not covalently linked to the 
15 KLH being, itself, specifically bound on the capture antibody. 

Then, both heterocomplex dilutions are treated in two different 

ways: 

a) the first set is incubated with an antibody raised against KLH 

b) the second set is incubated with an antibody raised against 

20 cytokin. 

After 1.30 hour of incubation at 37°C, the wells are washed as 
previously indicated then incubated with a secondary antibody coupled to 
the peroxydase, directed againt the origin species of the first antibody. After 
1.30 hour of incubation at 37°C, the antibodies are washed again. Then, the 
25 addition of the peroxydase substrate, O-PhenyleneDiamine (OPD) allows 
for the revealation of the presence of the KLH bound by the capture 
antibody and cytokins covalently bound on the KLH. 

The amount of KLH bound by the capture antibody and then the 
amount of cytokin molecules covalently bound on the KLH are calculated 
30 by means of calibrating curves done by ELISA. 

The percentage of cytokin covalently bound to the KLH is then 
determined. 

Example 12: Biochemical characterization of the KLH-murine VEGF 
heterocomplex 
35 1. Antigenicity 
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The KLH-murine VEGF heterocomplex has an antigenicity 
identical to the antigenicity of murine VEGF. 

2. Isoelectrofocusing in agarose gel followed by a Western Blot 
Fig. 1 shows that the KLH-murine VEGF heterocomplex migrates 
5 under the form of a single strip with a Ip different from the native 
molecules making it up. 

Example 13: Biochemical characterization of the KLH-human VEGF 
heterocomplex 

1. Antigenicity 

10 The KLH-human VEGF heterocomplex has an antigenicity 

identical to the antigenicity of human VEGF. 

2. Isoelectrofocusing followed by a Western Blot 

Fig. 2 shows that the KLH-human VEGF heterocomplex migrates 
under the form of a single strip with a Ip different from the native 
15 molecules making it up. The human VEGF sample was deposited at three 
different locations in order to show that it still migrates at the same 
location. 

Example 14: Biochemical characterization of KLH-murine IL4 
heterocomplex 
20 1. Antigenicity 

The KLH-murine IL4 heterocomplex has an antigenicity identical 
to the antigenicity of murine IL4. 

Example 15: Biochemical characterization of the KLH-human IL4 
heterocomplex 
25 1. Antigenicity 

The human KLH-IL4 complex has an antigenicity equal to the 
antigenicity of the human IL4 protein. 

2. Isoelectrofocusing followed by a Western Blot 
Fig. 3 shows that the human KLH-IL4 heterocomplex migrates 
30 under the form of a single strip with a Ip different from the native 
molecules making it up. 

Example 16: Biochemical characterization of the KLH-lFNa 
heterocomplex 

1. Antigenicity 

35 The human KLH-IFNa complex has an antigenicity identical to the 



antigenicity of the human IFNa. 
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2. Estimation of the percentage of molecules of the antigen of 
interest covalentlv linked to the carrier protein molecule 

The KLH-IFNa preparation is passed on a superdex S200 column 
following the above described conditions. The apparent peak in the 
5 exclusion volume was collected, dialyzed then freeze-dried. The 
concentration in antigen of interest was determined by the indirect ELISA 
technique. The IFNa amount present in the excluded volume is 30 \ig while 
1000 jxg of IFN were used for preparing the immunogenic product, without 
any measurable loss of antigen during the preparing method. The 
10 percentage of molecules of the antigen of interest covalently linked to the 
KLH molecule in the immunogenic product comprising KLH-IFNa 
heterocomplexes can therefore be estimated to approximately 3%. 
Example 17: Biochemical characterization of the gpl60-IFNoc 
heterocomplex 
15 1. Antigenicity 

The human gpl60-IFNcc complex has an antigenicity dentical to the 
antigenicity of the gpl60 protein as well as to that of human IFNa. 

2. Isoelectrofocusing followed by a Western Blot 

Fig. 4 shows that the human gp!60-IFNa heterocomplex migrates 
20 under the form of one single strip at a Ip being quite different from the Ip of 
the gpl60 protein recombining the component. The Ip of such a 
heterocomplex is slightly lower than that of IFNa. 

Example 18: Biochemical characterization of the gpl60-toxoid Tat 

heterocomplex 
25 1. Antigenicity 

The gpl60-toxoid Tat complex has an antigenicity identical to the 

antigenicity of the gpl60 protein and to that of the Tat protein. 

Example 19: Biochemical characterization of the gp!60-GM Tat 

heterocomplex 
30 1. Antigenicity 

The gpl60-GM Tat complex has an antigenicity identical to the 

antigenicity of the gpl 60 protein and to that of the Tat protein. 

Example 20: Biochemical characterization of the KLH-murine IL4 

heterocomplex 
35 1. Antigenicity 
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The murine KLH-IL4 heterocomplex has an antigenicity identical 
to the antigenicity of murine IL4. 

2. Estimation of the % of antigen molecules of interest covalently 
bound to the carrier protein molecule 
5 1 1% of molecules of murine IL4 are covalently fixed to the KLH. 

Example 21: Biochemical characterization of the KLH-IFNoc 
heterocomplex 

1, Antigenicity 

The KLH-human IFNa complex has an antigenicity identical to the 
10 antigenicity of the human IFNa. 

2. Estimation of the % of antigen molecules of interest covalently 
fixed to the carrier protein molecule 

8% of molecules of human IFNa are covalently bound to the KLH. 
Example 22: Biochemical characterization of the TaKlgE peptide 
15 heterocomplex 

L Antigenicity 

The Tat- h IgE peptide complex has an antigenicity comparable to 
that of human IgE. 

Example 23 : Biochemical characterization of the KLH-p Ricin- 
20 heterocomplex 

1 . Antigenicity 

The KLH-P Ricin complex has an antigenicity comparable to that 
of the P ricin fragment. 

2. Isoelectrofocusing followed by a Western Blot 

25 The complex migrates under the form of a single strip and the 

presence of the P fragment is enhanced by Western Blot. 

Examples of immunogenic activity of heterocomplexes 

Example 24: Immunogenic activity of the KLH-murine VEGF 

heterocomplex 
30 A. Material and methods 

The immunogenic (humoral) of the KLH-murine VEGF preparation 

compared to that of the murine VEGF was studied in 18 to 20 g balb c 

mouse. 

1 'immunization 

35 At days 0, 7 3 14, 21, a group of 8 mice receives a 0.1 ml (10 |ig) 
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injection of an AIF emulsion through the intramuscular route. A 5 ng 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at d-2. 
5 3 control mice receive the same preparations without any 

immunogen. 

The mice are sacrificed 12 days after the last immunization. 
2-toxicity 

The abnormal toxicity is studied in 3 mice receiving one human 
10 dose (50 jig) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 

B. Results 

15 1 . Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice immunized both with the KLH-murine VEGF preparation 
and the murine VEGF only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 |ig/ml of KLH-murine VEGF do not reduce the proliferation of 
20 lymphocytes. 

None of the three mice immunized with 50 (ig of the heterocomplex 
show any sign of toxicity (temperature, cutaneous disorders, systemic or 
regional signs) during the 7 days following the injection. 
2-Humoral response 

25 The humoral response is measured by the presence in the serum of 

antibodies of the IgG type directed against the murine VEGF, determined 
by ELISA and expressed in titer (opposite of the dilution giving an optical 
density higher than 0.3). Fig. 5 shows the resulting antibody titers. 

The mice immunized with the KLH-murine VEGF preparation 

30 show higher antibody titers of the IgG type than those of mice immunized 
with the murine VEGF only. 

The neutralizing activity of such antibodies was measured by 
means of the biological activity test of VEGF, selective growth factor of 
endothelial cells. Endothelial cells (HUVECs) are cultivated in flat bottom 

35 wells of a microculture plate at a level of 3,000 cells per well. The sera of 
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each group of mice were pooled. Different dilutions of such serum pools 
(1/100 - 1/800) taken at D-2 and D72 were pre-incubated for 2 hours with 
20 ng/ml of murine VEGF then deposited on such endothelial cells. The 
cell culture continued at 37°C in a humid atmosphere loaded with 5% of 
5 C02 for 3 days. 18 hours before the end of the incubation, 0.5 ^Ci of titered 
thymidine/well were added. The neutralizing sera prevent the murine VEGF 
from inducing the proliferation of endothelial cells, while non neutralizing 
sera allow for the proliferation of such cells. The results are expressed in 
neutralization percentage. Fig. 6 shows the obtained results. 
10 The antibodies induced by the complex have a higher neutralizing 

power than that induced by the murine VEGF. 

Example 25: Immunogenic activity of the KLH-human VEGF 
heterocomplex 

A. Material and methods 

15 The immunogenic (humoral) of the KLH-human VEGF preparation 

compared to that of the human VEGF was studied in 18 to 20 g balb c 
mouse. 

1 - immunization 

At days 0, 7, 14, 21, a group of 8 mice receives a 0.1 ml (10 ng) 
20 injection of an AIF emulsion through the intramuscular route. A 5 \ig 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at d-2. 

3 control mice receive the same preparations without an 
25 immunogen. 

The mice are sacrificed 12 days after the last immunization. 

2- toxicity 

The abnormal toxicity is sought in 3 mice receiving one human 
dose (50 |ag) according to the pharmacopeia. 
30 The lack of immunotoxicity of the heterocomplex is evaluated in 

vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 

B. Results 

1-Lack of toxicity of the heterocomplex in vivo and in vitro 
35 The mice immunized both with the murine KLH-VEGF preparation 
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and the murine VEGF only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 1 
jig/ml of KLH-human VEGF do not reduce the proliferation of 
lymphocytes. 

5 None of the three mice immunized with 50 \ig of the heterocomplex 

show any sign of toxicity (temperature, cutaneous disorders, systemic or 
regional signs) during the 7 days following the injection. 
2-Humoral response 

The humoral response is measured by the presence in the serum of 
10 antibodies of the IgG type raised against the human VEGF, determined by 
ELISA and expressed in titer (opposite of the dilution giving an optical 
density higher than 0.3). Fig. 7 shows the resulting antibody titers. 

The mice immunized with the KLH-human VEGF preparation 
show higher antibody titers of the IgG type than those of mice immunized 
15 with the human VEGF only. 

The neutralizing activity of such antibodies was measured by 
means of the biological activity test of VEGF, selective growth factor of 
endothelial cells. Endothelial cells (HUVECs) are cultivated in flat bottom 
wells of a microculture plate at a level of 3,000 cells per well. The sera of 
20 each group of mice were pooled. Different dilutions of such serum pools 
(1/100 - 1/800) taken at D-2 and D72 were pre-incubated for 2 hours with 
20 ng/ml of human VEGF then deposited on such endothelial cells. The 
cell culture is continued at 37°C in a humid atmosphere loaded with 5% of 
C02 for 3 days. 18 hours before the end of the incubation, 0.5 \iCi of titered 
25 thymidine/well were added. The neutralizing sera prevent the human VEGF 
from inducing the proliferation of endothelial cells, while non neutralizing 
sera allow for the proliferation of such cells. The results are expressed in 
neutralization percentage. Fig. 8 shows the obtained results. 

The antibodies induced by the complex have a higher neutralizing 
30 power than that induced by the human VEGF. 

Example 26: Immunogenic activity of the KLH-murine IL4 heterocomplex 
A, Material and methods 

The immunogenic (humoral) activity of the murine KLH-IL4 
preparation compared to that of the murine IL4 was studied in 18 to 20 g 
35 balb c mouse. 
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1 -immunization 

At days 0 5 7, 14, 21, a group of 8 mice receives a 0.1 ml (10 \ig) 
injection of an AIF emulsion through the intramuscular route. A 5 [ig 
booster injection in AIF is given at D60. 
5 A blood sample at the retro-orbital level is taken from each mouse 

before the first injection at D-2 and D72. 

3 control mice receive the same preparations without an 
immunogen. 

14 days after the last immunization, the control mice and the mice 
10 immunized with the KLH-murine IL4 were challenged with birch-tree 
pollen in the presence of alum (100 ng/mice) through the subcutaneous 
route at D74, D95 and D109. Blood samples are regularly taken in order to 
follow the occurence of classe G and E antibodies raised against Bet v 1, a 
major allergen of the birch-tree pollen. 
15 2-toxicity 

The abnormal toxicity is sought in 3 mice receiving one human 
dosis (50 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
20 presence of the complex and stimulated by PPD or toxoid tetanos. 
B. Results 

1 . Lack of toxicity of the heterocomplex in vivo and in vitro 
The mice both immunized with the KLH-murine IL4 preparation 
and the murine IL4 only do not show any clinical sign and no anatomic 
25 wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 (ig/ml of KLH-murine IL4 do not reduce the proliferation of lymphocytes. 

None of the three mice immunized with 50 (ig of the heterocomplex 
show any sign of toxicity (temperature, cutaneous disorders, systemic or 
regional signs) during the 7 days following the injection. 
30 2-Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type raised against the murine VEGF, determined by 
ELISA and expressed in titer (opposite of the dilution giving an optical 
density higher than 0.3). Fig. 9 shows the resulting antibody titers. 
35 The mice immunized with the KLH-murine IL4 preparation show 
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higher antibody titers of the IgG type than those of mice immunized with 
the murine IL4 only. 

The neutralizing activity of those antibodies present in mice 
immunized with the KLH-murine IL4 preparation was measured by means 
5 of the biological activity test of the murine IL4, This test uses HT-2 cells, 
murine cell lineages the growth of which is IL4 murine- dependent 
(Watson, J. 1979. J. Exp. Med. 150:1510.). Endothelial cells HT-2 are 
cultivated in round bottom wells of a microculture plate at a level of 10,000 
cells per well. Sera diluted at 1/50 taken at D-2 and D72 are pre-incubated 

10 for 2 hours with 50 ng/ml of murine H4 then deposited on HT-2 cells. The 
cell culture is continued at 37°C in a humid atmosphere loaded with 5% of 
C02 for 3 days. 4 hours before the end of the incubation, 0,5 ^Ci of titered 
thymidine/well were added. The neutralizing sera prevent the murine IL4 
from inducing the proliferation of HT-2 cells, while non neutralizing sera 

15 allow for the proliferation of such cells. The results are expressed in 
neutralization percentage. Fig. 10 shows the obtained results. 

The antibodies induced by the complex are neutralizing. 
Moreover, such neutralizing antibodies raised against murine IL4 
prevent the production, by those mice, of antibodies of the IgE type raised 

20 against Bet v 1, when the latter are challenged with birch-tree pollen. Fig. 
11 indeed shows that mice immunized with KLH-murine IL4 have 
neutralizing IgGs raised against murine NL4 blocking the production of IgE 
raised against Bet v 1 and start to produce antibodies of the IgG type 
directed against Bet v 1. On the other hand, mice which did not receive any 

25 murine KLH-IL4 and therefore not having any antibodies of the IgG type 
directed against IL4, only produce antibodies of the IgE type directed 
against Bet v 1 . 

Example 27: Immunogenic activity of the KLH-human IL4 heterocomplex 
A. Material and methods 
30 The immunogenic (humoral) of the KLH-human IL4 preparation 

compared to that of the human IL4 was studied in 18 to 20 g balb c mouse. 
1 -immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 \ig) 
injection of an AIF emulsion through the intramuscular route. A 5 |ig 
35 booster injection in AIF is given at D60. 
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A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at d-2. 

3 control mice receive the same preparations without an 
immunogen. 

5 The mice are sacrificed 12 days after the last immunization. 

2-toxicitv 

The abnormal toxicity is sought in 3 mice receiving one human 
dosis (50 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
10 vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 

B. Results 

1 . Lack of toxicity of the heterocomplex in vivo and in vitro 
The mice both immunized with the KLH-human IL4 preparation 
15 and the human IL4 only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 ng/ml of KLH-human IL4 do not reduce the proliferation of lymphocytes. 

None of the three mice immunized with 50 jig of the heterocomplex 
show any sign of toxicity (temperature, cutaneous disorders, systemic or 
20 regional signs) during the 7 days following the injection. 
2-Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type directed against the human IL4, determined by 
ELISA and expressed in titer (opposite of the dilution giving an optical 
25 density higher than 0.3). 

Table 1 



Titer 


D-2 


D72 




Control mice : 


Control mouse 1 


<500-' 


<500-' 


Control mouse 2 ..... 


<500"' 


<500 1 


Control mouse 3 


<500-' 


<500 1 


Mice immunized with human IL4 : 


mouse 4 


<500-' 


32,000-' 



mouse 5 


<500-' 


48,000'' 


mouse 6 


<500' 


16,000-' 


Mice immunized with the KLH-human IL4 complex : 


mouse 7 


<500'' 


256,000-' 


mouse 8 


<500-' 


128,000"' 


mouse 9 


<500-' 


128,000-' 



The mice immunized with the KLH-human IL4 preparation show 
higher antibody titers of the IgG type than those of mice immunized with 
the human IL4 only. 

The neutralizing activity of such antibodies induced by the human 
5 KLH-IL4 preparation was measured by means of the biological activity test 
of human IL4. This test uses TF-1 cells, human cell lineage the growth of 
which is IL4 human-dependent (Kitamura,T. et al., 1989. J. Cell Physiol. 
140:323-34). TF-1 cells are cultivated in round bottom wells of a 
microculture plate at a level of 10,000 cells per well. Sera diluted at 1/50 
10 taken at D-2 and D72 preincubated for 2 hours with 50 ng/ml of humain 
IL4 were then deposited on the TF-1 cells. The cell culture is continued at 
37°C in a humid atmosphere loaded with 5% of C02 for 3 days. 4 hours 
before the end of the incubation, 0.5 jxCi of titered thymidine/well were 
added. The neutralizing sera prevent the human IL4 from inducing the 
15 proliferation of TF-1 cells, while non neutralizing sera allow for 
proliferation of such cells. The results are expressed in neutralization 
percentage. Fig. 12 shows the obtained results. 

The antibodies induced by the complex are neutralizing. 
Example 28: Immunogenic activity of the KLH-IFNa heterocomplex 
20 A. Material and methods 

The immunogenic (humoral) activity of the KLH-human IFNa 
preparation compared to that of the human IFNa was studied in 18 to 20 g 
balb c mouse. 

1 -immunization 

25 At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 \ig) 

injection of an AIF emulsion through the intramuscular route. A 5 fig 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 



before the first injection at D-2. 

3 control mice receive the same preparations without an 
immunogen. 

The mice are sacrificed 12 days after the last immunization. 
5 2-Toxicitv 

The abnormal toxicity is sought in 3 mice receiving one human 
dosis (50 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
10 presence of the complex and stimulated by PPD or toxoid tetanos. 
B. Results 

1- Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice both immunized with the KLH-human IFNa preparation 
and the human IFNa only do not show any clinical sign and no anatomic 
15 wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 ng/ml of KLH-human IFNa do not reduce the proliferation of 
lymphocytes. 

None of the three mice immunized with 100 ^g of the 
heterocomplex show any sign of toxicity (temperature, cutaneous disorders, 
20 systemic or regional signs) during the 7 days following the injection. 

2- Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type directed against the human NFNa, determined by 
ELISA and expressed in titer (opposite of the dilution giving an optical 
25 density higher than 0.3). The table 2 shows the resulting antibody titers. 

Table 2 



Titer 


D-2 


D72 




Control mice : 


Control mouse 1 


<500-' 


<500-' 


Control mouse 2 


<500"' 


<500"' 


Control mouse 3 


<500° 


<500-' 


Mice immunized with IFNa : 


mouse 4 


<500-' 


96,000-' 
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mouse 5 


<500"' 


128,000-' 


mouse 6 


<500 _1 


96,000-' 


Mice immunized with the KHL-IFNa complex : 


mouse 7 


<500-' 


96,000"' 


mouse 8 


<500-' 


96,000'' 


mouse 9 


<500 1 


128,000"' 



The mice immunized with the KHL-human IFNa preparation show 
antibody titers of the IgG type equivalent to those of mice immunized with 
the human IFNa only. 

The neutralizing activity of such antibodies was measured by 
5 means of the biological activity test of the human IFNa. (Rubinstein S, J 
Viral, 1981, 755-8). The aim of this test for measuring the antiviral effect is 
to evaluate the inhibition of the MDBK cell lysis by the VSV (Vesicular 
Stomatitis virus) in the presence of IFN. MDBK cells are cultivated in 
round bottom wells of a microculture plate at a level of 350,000 cells per 
10 well. Different dilutions of sera (1/1 00 at 1/800) taken at D-2 and D72 were 
pre-incubated for 2 hours with 5 ng/ml of human IFNa then deposited on 
MDBK cells. After 20 hours of cell culture performed at 37°C in a humid 
atmosphere loaded with 5%of C02, the diluted sera present in the wells are 
removed, the cells washed, then 100 (il containing 100 LD50 (50 % lethal 
15 dosis) of VSV virus are added. 18 hours after the addition of the virus the 
lytic effect of the virus is measured. The neutralizing sera allow the VSV to 
lyse cells, while non neutralizing sera prevent such a lysis. The results are 
expressed in neutralization percentage. 

Table 3 

20 



Mice immunized with IFNa : 




1/100 


1/200 


1/400 


1/800 


mouse 4 


D-2 


0 


0 


0 


0 




D72 


100 


75 


65 


50 


mouse 5 


D-2 


0 


0 


0 


0 




D72 


100 


67 


60 


55 


mouse 6 


D-2 


0 


0 


0 


0 




D72 


100 


72 


65 


60 



55 



Mice immunized with the KLH-IFNa conjugate 






1/100 


1/200 


1/400 


1/800 


mouse 7 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 8 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 9 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 



The antibodies induced by the complex have a higher neutralizing 
power than that induced by the human IFNa. The results are expressed in 
neutralization percentage. 
5 Example 29: Immunogenic activity of the gpl60-IFNa heterocomplex 

A. Material and methods 

The immunogenic (humoral) activity of the human gpl60-IFNa 
preparation compared to that of the human IFNa was studied in 18 to 20 g 
balb c mouse. 
10 1 -immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 jag) 
injection of an AIF emulsion through the intramuscular route. A 5 jag 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 
15 before the first injection at D-2. 

3 control mice receive the same preparations without an 
immunogen. 

The mice are sacrificed 12 days after the last immunization. 
2-toxicity 

20 The abnormal toxicity is sought in 3 mice receiving one human 

dosis (100 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 
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B. Results 

1- Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice immunized both with the gpl60-human IFNa preparation 
and the human IFNa only, do not show any clinical sign and no anatomic 
5 wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 ng/ml of gpl60-human IFNa do not reduce the proliferation of 
lymphocytes. 

None of the three mice immunized with 100 \ig of the 
heterocomplex show any sign of toxicity (temperature, cutaneous disorders, 
10 systemic or regional signs) during the 7 days following the injection. 

2- Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type directed against the human IFN, determined by 
ELISA and expressed in titer (opposite of the dilution giving an optical 
15 density higher than 0.3). 



Table 4 

Titer 



D-2 


D72 




Control mice: 


Control mouse 1 


<500"' 


<500'' 


Control mouse 2 


<500-' 


<500-' 


Control mouse 3 


<500'' 


<500-' 


Mice immunized wit 


1 1FNa: 


mouse 4 


<500'' 


64,000-' 


mouse 5 


<500-' 


96,000-' 


mouse 6 


<50(r' 


128,000-' 


Mice immunized witl 


i the gpl60-IFNa com 


plex: 


mouse 7 


<500' 


96,000-' 


mouse 8 


<500"' 


96,000'' 


mouse 9 


<500-' 


64,000"' 



The mice immunized with the gp 160-human IFNa preparation 



57 



present IgG type antibody titers equivalent to those of mice immunized with 
the human IFNot only. 

The neutralizing activity of such antibodies has been measured with 
the help of the human IFNa bilogical activity test described in the former 
example. Results are given in neutralization %. 



Table 5 



Mice immunized with the IFNa: 




1/100 


1/200 


1/400 


1/800 


mouse 4 


D-2 


0 


0 


0 


0 




D72 


100 


80 


70 


53 


mouse 5 


D-2 


0 


0 


0 


0 




D72 


100 


70 


65 


50 


mouse 6 


D-2 


0 


0 


0 


0 




D72 


100 


65 


60 


57 




Mice immunized with the gpl60-IF> 


la conjugate: 




1/100 


1/200 


1/400 


1/800 


mouse 7 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 8 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 9 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 



The antibodies induced by the complex have a higher neutralizing 
power than that induced by the human IFNa. 

Example 30: Immunogenic activity of the gpl60-toxoid Tat heterocomplex 
A. Material and methods 

The immunogenic (humoral and cellular) activity of the gpl60- 
toxoid Tat preparation compared to that of the toxoid Tat was studied in 1 8 
to 20 g balb c mouse. 

1 -immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 ^g) 
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injection of an AIF emulsion through the intramuscular route. A 5 (ig 
booster injection in AIF is given at D-2. 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at d-2. 
5 3 control mice receive the same preparations without an 

immunogen. 

The mice are sacrificed 12 days after the last immunization. 
2-toxicity 

The abnormal toxicity is sought in 3 mice receiving one human 
10 dosis (100 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 

B. Results: 

15 1-Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice immunized both with the gpl60-toxoid Tat preparation 
and the toxoid Tat only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 
1 ng/ml of gpl60-toxoid Tat do not reduce the proliferation of 
20 lymphocytes. 

None of the three mice immunized with 100 (xg of the 
heterocomplex show any sign of toxicity (temperature, cutaneous disorders, 
systemic or regional signs) during the 7 days following the injection. 
2-Humoral response 

25 The humoral response is measured by the presence in the serum of 

antibodies of the IgG type directed against the Tat, determined by ELISA 
and expressed in titer (reciprocal of the dilution giving an optical density 
higher than 0.3). Table 6 shows the resulting antibody titers. 
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Table 6 



Titer 



Titer 


D-2 


D72 




Control mice: 


Control mouse 1 


<500-' 


<500-' 


Control mouse 2 


<500-' 


<500"' 


Control mouse 3 


<500 1 


<500"' 


Mice immunized with toxoid Tat : 


mouse 4 


<500'' 


48,000"' 


mouse 5 


<500-' 


64,000-' 


mouse 6 


<500' 


48,000"' 


Mice immunized with gpl60-toxoid Tat conjugate : 


mouse 7 


<50(r' 


64,000"' : 


mouse 8 


<500-' 


128,000"' 


mouse 9 


<500-' 


64,000"' 



The mice immunized with the gpl60-toxoid Tat preparation show 
5 higher antibody titers of the anti-Tat IgG type than those of mice 
immunized with the toxoid Tat only. 

The neutralizing activity of such antibodies was measured by 
means of the Cat assay. Different dilutions of sera (1/100 - 1/800) taken at 
D-2 and D72 are incubated for 2 hours with 50 ng/ml of native Tat. Such 
10 dilutions are then deposited on HeLa cells, stably infected cells with a 
plasmid containing LTR of the VIH-1 as the promotor of the 
Chloramphenicol Acetyl transferase gene (CAT). After 24 hours of culture, 
the cells are lyzed and the amount of CAT protein produced is measured by 
an ELISA test, the Cat assay (Boehringer Mannheim). Neutralizing sera 
15 prevent the Tat protein from inducing the expression of the CAT protein, 
while the non neutralizing sera allow for the synthesis of such CAT protein. 
The results are expressed in neutralization %. 
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Table 7 



Mice immunized with toxoid Tat: 




1/100 


1/200 


1/400 


1/800 


mouse 4 


D-2 


0 


0 


0 


0 




D72 


60 


50 


25 


20 


mouse 5 


D-2 


0 


0 


0 


0 




D72 


60 


55 


30 


20 


mouse 6 


D-2 


0 


0 


0 


0 




D72 


65 


50 


30 


30 


Mice immunized with gpl6-toxoid Tat conjugate: 






1/100 


1/200 


1/400 


1/800 


mouse 7 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 8 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 


mouse 9 


D-2 


0 


0 


0 


0 




D72 


100 


100 


100 


100 



The antibodies induced by the gpl60-toxoid Tax conjugate have a 
5 higher neutralizing power than that induced by the toxoid Tat 
2, Production of MlPla 

The production of MlPla in culture supernatants of splenocytes. 
Splenocytes of immunized mice and control mice are isolated then 
cultivated in round bottom wells of a micro-culture plate at a level of 
10 100,000 cells/well in the presence of 5 Mg/ml of p24, gpl60, native Tat and 
a mixture of 5 |ag/ml gpl60 and 5 ng/ml of native Tat. The supernatants are 
taken after 24 hours of culture and the presence of MIP1 in the supernatants 
is measured by means of a R&D ELISA test. The results are expressed in 
Mg/ml. 

15 
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Table 8 







Gpl60 


native 
Tat 


Gpl60 + 
native 
Tat 


P24 


Control mice: 


mouse 1 


MlPla 


95 


90 


145 


9 


D72 












mouse 2 


Mipla 


100 


90 


136 


7 


D72 












mouse 3 


MlPla 


120 


110 


132 


9 


D72 












Mice immunized with toxoid Tat: 


mouse 4 


MlPla 


145 


130 


190 


7 


D72 












mouse 5 


MlPla 


128 


145 


225 


9 


D72 












mouse 6 


MlPla 


150 


230 


295 


10 


D72 












Mice immunized with gpl60-toxoic 


Tat conjugate: 


mouse 7 


MlPla 


875 


736 


1725 


9 


D72 












mouse 8 


MlPlaa 


945 


905 


1900 


7 


D72 












mouse 9 


MlPla 


1025 


795 


1755 


8 


D72 













Splenocytes of mice immunized with the gpl60-toxoid Tat 
5 conjugate produce more MlPla chemiokins than cells of mice immunized 
by the toxoid Tat only when they are activated, in vitro, by the immunogens 
used during the immunization. 

4. Proliferation of splenocytes of immunized mice (CMI test) 
Splenocytes of immunized mice and of control mice are isolated 
10 then cultivated in round bottom wells of a micro-culture plate at a level of 
100,000 cells/well in the presence of p24, gp!60, native Tat and a mixture 
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of gpl60 and native Tat. The cell culture is continued at 37°C in a humid 
atmosphere loaded with 5% of C02 for 6 days. 18 hours before the end of 
the incubation, 0.5 jitCi of titered thymidine/well were added. The intensity 
of the immune response is proportional to the proliferation index Ip. 

Ip = spm (strokes per minute) for the given antigen / control spm 



Table 9 





Gpl60 


native 
Tat 


Gpl60+ 
native Tat 


P24 


Control mice: 


mouse 1 
D72 


1.1 


1.1 


1 


1.2 


mouse 2 
D72 


1 


1.1 


1.1 


1.1 


mouse 3 
D72 


1.2 


1 


1 


1.1 


Mice immunized with toxoid Tat: 


mouse 4 
D72 


1.2 


8 


10 


1.1 


mouse 5 
D72 


1 


9 


9 


1.2 


mouse 6 
D72 


1 


10 


9 


1.2 


Mice immunized with g 


pl60-toxoid Tat conjugate: 


mouse 7 
D72 


9 


11 


8 


1 


mouse 8 
D72 


10 


9 


7.5 


1 


mouse 9 
D72 


10.5 


9 


8 


1 



Splenocytes of mice immunized with the gpl60-toxoid Tat 
conjugate or the toxoid Tat, proliferate, when they are activated, in vitro, 
with the immunogens used during the immunization. 
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Example 3 1 : Immunogenic activity of the gp!60-GMTat heterocomplex 

A. Material and methods 

The immunogenic (humoral and cellular) activity of the gpl60-GM 
Tat preparation compared to that of the toxoid Tat was studied in 18 to 20 g 
5 balb c mouse. 

1 -immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 \ig) 
injection of an emulsion in AIF through the intramuscular route. A 5 ^g 
booster injection in AIF is given at D-2. 
10 A blood sample at the retro-orbital level is taken from each mouse 

before the first injection at d-2. 

3 control mice receive the same preparations without an 
immunogen. 

The mice are sacrificed 12 days after the last immunization. 
15 2-toxicity 

The abnormal toxicity is sought in 3 mice receiving one human 
dosis (100 ^ig) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
20 presence of the complex and stimulated by PPD or toxoid tetanos. 

B, Results 

Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice immunized both with the gpl60-GM Tat preparation and 
the toxoid Tat only, do not show any clinical sign and no anatomic wound. 
25 The immunosuppression test shows that doses of 100 ng/ml to 1 jig/ml of 
gpl60-toxoid Tat do not reduce the proliferation of lymphocytes. 

None of the three mice immunized with 100 ^g of the 
heterocomplex show any sign of toxicity (temperature, cutaneous disorders, 
systemic or regional signs) during the 7 days following the injection. 
30 2-Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type directed against the Tat, determined by ELISA 
and expressed in titer (reciprocal of the dilution giving an optical density 
higher than 0.3). Table 10 shows the resulting antibody titers. 
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Table 10 



Titer 


D-2 


D72 




Control mice: 


Control mouse 1 


<50(r' 


<500 l 


Control mouse 2 


<50<r' 


<500"' 


Control mouse 3 


<500'' 


<500 -1 


Mice immunized with GM Tat : 


mouse 4 


<500-' 


64,000-' 


mouse 5 


<500-' 


64,000-' 


mouse 6 


<500"' 


48,000-' 


Mice immunized with the gpl60-GM Tat conjugate : 


mouse 7 


<500"' 


128,000"' 


mouse 8 


<500-' 


128,000-' 


mouse 9 


<500-' 


64,000"' 



The mice immunized with the gpl60-GM Tat preparation show 
5 higher antibody titers of the anti-Tat IgG type than those of mice 
immunized with the GM Tat only. 

Example 32: Immunogenic activity of the KLH-murine TNFa 
heterocomplex 

A. Material and methods 
10 The immunogenic (humoral) activity of the KLH-murine TNFa 

preparation compared to that of the murine TNFa was studied in 18 to 20 g 
balb/c mouse. 

At day 0, a group of 3 mice (group A) receives a 0. 1 ml injection of 
an AIF emulsion through the intramuscular route containing 60 \ig of the 
15 KLH-TNFa complex. A booster injection of 30 \ig and 15 (ig in AIF is 
given respectively at D21 and D60. 3 control mice receive a dosis 
equivalent in murine TNFa according to the same protocol, (group B) 

At day 0, a group of 3 mice (group C) receives a 0.1 ml injection in 
AIF through intramuscular route containing 60 jig of KLH-murine TNFa 
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heterocomplex and 30 (xg of the phosphorothioate oligodeoxynucleotide 5'- 
TCCATGACGTTCCTGACGTT-3' (CpG ADN: 1826). A booster injection 
of 30 ^g and of 15 \ig of the KKL-murine TNFa heterocomplex in AIF is 
given respectively at D21 and D60. 3 control mice receive a dosis 
5 equivalent in murine TNFa according to the same protocol, (group D) 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at d-2. 

The mice are sacrificed 12 days after the last immunization. 

2-toxicitv 

10 The abnormal toxicity is sought in 3 mice receiving one human 

dose (50 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 
15 B. Results 

Lack of toxicity of the heterocomplex in vivo and in vitro 
The mice both immunized with the murine KLH-TNFa preparation 
and the murine TNFa only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 
20 1 ng/ml of KLH-murine TFNa do not reduce the proliferation of 
lymphocytes. 

None of the three mice immunized with 50 ^g of the heterocomplex 
with or without the DNA CPG 1826 show any sign of toxicity (temperature, 
cutaneous disorders, systemic or regional signs) during the 7 days following 
25 the injection. 

2-Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type raised against the murine TNFa, determined by 
ELISA and expressed in titer. The presence of antibodies of the IgA type 
30 directed against the murine TNFa in vaginal secretions was also 
determined by ELISA and expressed in titer. The titer represents the 
opposite of the dilution giving an optical density higher than 0.3. The 
following table shows the resulting antibody titers. 
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Table 1 1 










Vaginal IgA 


D-2 


D72 


D-2 


D72 



Mice immunized with 
KLH-murine TNFa (group A) 



1 


<500-' 


64,000-' 


<10"' 


20"' 


2 


48,000-' 


20"' 


3 


64,000"' 


40"' 


Mice immunized with the 
Murine TNFa (group B) 


4 


<500"' 


750"' 


<10"' 


10"' 


5 


1,000"' 


20"' 


6 


750"' 


10"' 


Mice immunized with KLH-t 
in the presence of CpG (grou 


nurine TNFa 
pC) 


7 


<500 1 


128,000"' 


<10"' 


160"' 


8 


256,000"' 


80"' 


9 


256,000"' 


320"' 



Mice immunized with murine TNFa: 
in the presence of CpG (group D) 



7 




2000"' 




20"' 


8 


<500"' 


4,000"' 


<10"' 


40"' 


9 




3,000"' 




40"' 



Example 33: Immunogenic activity of the Tat peptide-JgE heterocomplex 
A, Material and methods 
5 The immunogenic (humoral) activity of the KLH-human IgE 

preparation compared to that of the human IgE was studied in 18 to 20 g 
balb c mouse. 

1 -immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 \ig) 
10 injection of an AIF emulsion through the intramuscular route. A 5 |ig 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at D-2. 
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3 control mice receive the same preparations without an 
immunogen. 

The mice are sacrificed 12 days after the last immunization. 
2-toxicitv 

5 The abnormal toxicity is sought in 3 mice receiving one human 

dosis (50 \ig) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 
10 B. Results 

2-Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice both immunized with the KLH-human IgE preparation 
and the human IgE only, do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 1 
15 (ig/ml of KLH-human IgE do not reduce the proliferation of lymphocytes. 

None of the three mice immunized with 50 \ig of the heterocomplex 
show any sign of toxicity (temperature, cutaneous disorders, systemic or 
regional signs) during the 7 days following the injection. 

2-Humoral response 

20 The humoral response is measured by the presence in the serum of 

antibodies of the IgG type directed against the human IgE, determined by 
ELISA and expressed in titer (reciprocal of the dilution giving an optical 
density higher than 0.3). The following table shows the resulting antibody 
titers. 

25 Table 12 



Titer 





D-2 D72 


Control mice: 


1 


<500 J 


<500 J 


2 


3 


Mice immunized with hlgE 


4 


<500-' 


64,000-' 


5 


128,000-' 


6 


128,000"' 
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Mice immunized with KLH- h IgE: 



7 



256,000 



8 



<500 



128,000 



9 



256,000 



The mice immunized with the KHL- h IgF preparation show antibody 
titers of the IgG type slightly higher than those of mice immunized with the 
hlgE preparation only. 

Example 34: Immunogenic activity of the KLH-Ricin-p heterocomplex 

A. Material and methods 

The immunogenic (humoral) activity of the KLH-Ricin-(3 
preparation compared to that of the ricin P fragment was studied in 18 to 20 
g balb/c mouse. 

1 - immunization 

At days 0, 7, 14, 21, a group of 3 mice receives a 0.1 ml (10 |ig) 
injection of an AIF emulsion through the intramuscular route. A 5 jug 
booster injection in AIF is given at D60. 

A blood sample at the retro-orbital level is taken from each mouse 
before the first injection at D-2. 

3 control mice receive the same preparations without an 
immunogen. 

The mice are sacrificed 12 days after the last immunization. 

2- toxicitv 

The abnormal toxicity is sought in 3 mice receiving one human 
dose (50 ng) according to the pharmacopeia. 

The lack of immunotoxicity of the heterocomplex is evaluated in 
vitro by a cell proliferation test conducted on PBMCs cultivated in the 
presence of the complex and stimulated by PPD or toxoid tetanos. 

B. Results 

3- Lack of toxicity of the heterocomplex in vivo and in vitro 

The mice both immunized with the human KLH-Ricin- preparation 
and the ricin p-fragment only do not show any clinical sign and no anatomic 
wound. The immunosuppression test shows that doses of 100 ng/ml to 1 
Hg/ml of KLH-ricin p do not reduce the proliferation of lymphocytes. 

None of the three mice immunized with 50 \ig of the heterocomplex 
show any sign of toxicity (temperature, cutaneous disorders, systemic or 
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regional signs) during the 7 days following the injection. 
2-Humoral response 

The humoral response is measured by the presence in the serum of 
antibodies of the IgG type directed against the P fragment of ricin, 
5 determined by ELISA and expressed in titer (reciprocal of the dilution 
giving an optical density higher than 0.3). The following table shows the 
resulting antibody titers. 



Table 13 

10 



Titer 




D-2 


D72 


Control mice : 


1 


<500-' 


<500 1 


2 


3 


Mice immunized with ricin-P 


4 


<50(r' 


256,000-' 


5 


512,000-' 


6 


256,000"' 


Mice immunized with 


KLH-Ricin-p 


7 


<500'' 


256,000"' 


8 


256,000"' 


9 


128,000"' 



The neutralizing activity of such antibodies was checked by the 
injection to the mouse of mixtures of anti-Ricin-p and ricin serum which 
did not cause the animal's death, contrary to what was observed during the 
15 administration to the mouse of ricin and normal serum mixtures. 
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CLAIMS 

1. A stable immunogenic product for inducing antibodies raised 
against one or more antigenic proteins in a subject, characterized in that it 

5 comprises protein immunogenic heterocomplexes consisting of associations 
between (i) antigenic protein molecules and (ii) carrier protein molecules 
and in that less than 40% of the antigenic proteins (i) are covalently linked 
to carrier protein molecules (ii). 

2. An immunogenic product according to claim 1, characterized in 
10 that each heterocomplex comprise (i) a plurality of antigenic proteins linked 

to (ii) a carrier protein molecule. 

3. An immunogenic product according to claim 2, characterized in 
that, for each immunogenic heterocomplex, the plurality of antigenic 
proteins (i) is made up of a plurality of specimens of a single antigenic 

15 protein. 

4. An immunogenic product according to any one of claims 2 or 3, 
characterized in that, for each immunogenic heterocomplex, the antigenic 
proteins (i) consist of a plurality of specimens of a protein being normally 
recognized as a self protein by the cells of said subject's immune system. 

20 5. A product according to any one of claims 1 to 4, characterized in 

that it comprises 5 to 50 antigenic proteins (i) for one carrier protein 
molecule (ii), preferably 20 to 40 antigenic proteins (i) for one carrier 
protein molecule (ii). 

6. An immunogenic product according to any one of claims 1 to 5, 
25 characterized in that the covalent bonds between one or more antigenic 

proteins (i) and the carrier protein molecule (ii) are made through a 
bifunctional bond chemical agent. 

7. An immunogenic product according to claim 6, characterized in 
that said binding chemical agent comprises at least two free aldehyde 

30 functions. 

8. An immunogenic product according to claim 7, characterized in 
that said binding chemical agent is glutaraldehyde. 

9. An immunogenic product according to any one of claims 1 to 8, 
characterized in that the antigenic protein(s) (i) consist(s) in cytokins 

35 naturally produced by said subject. 
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10. An immunogenic product according to claim 9, characterized in 
that the antigenic protein(s) (i) is/are selected amongst interleukin-4, alpha 
interferon, gamma interferon, VEGF, interleukin-10, TNF alpha, TGF beta, 
interleukin-5 and interleukin-6. 
5 1 1 . An immunogenic product according to any one of claims 1 to 8, 

characterized in that the antigenic protein(s) (i) is/are selected amongst a 
papillomavirus the protein, the HIV 1 virus Tat protein, the HTLV 1 or 
HTLV 2 virus Tax protein and the self p53 protein. 

12. An immunogenic product according to any one of claims 1 to 8, 
10 characterized in that the antigenic protein(s) is/are selected amongst 

proteins lethal to man at a dosis lower than 1 mg, such as ricin, botulic 
toxins, staphylococcus enterotoxins as well as an anthrax toxic protein (EF, 
LF, PA). 

13. An immunogenic product according to any one of claims 1 to 
15 12, characterized in that the carrier protein molecule (ii) is an immunogenic 

protein inducing the production of cytotoxic lymphocytes raised against 
cells presenting at their surface said carrier protein molecule or any peptide 
being derived therefrom, in association with molecules of the Major 
Histocompatibility Complex (MHC) class I. 
20 14. An immunogenic product according to claim 13, characterized 

in that the carrier protein molecule (ii) is selected amongst papillomavirus 
LI, L2 and E7 proteins. 

15. An immunogenic product according to claim 13, characterized 
in that the carrier protein molecule (ii) is selected amongst gpl60, p24, pi 7, 

25 Nef and Tat proteins of the HIV 1 virus. 

16. An immunogenic product according to claim 13, characterized 
in that the carrier protein molecule (ii) is selected amongst CEA, p53, Dil2, 
CaSm, OSA and ETS2 proteins. 

17. An immunogenic product according to claim 13, characterized 
30 in that the carrier protein molecule (ii) is selected amongst allergenic 

proteins such Bet v 1, Der p 1 and Fel d 1 . 

18. An immunogenic product according to any one of claims 1 to 8, 
characterized in that it is selected amongst immunogenic products 
comprising the following heterocomplexes, wherein the antigenic proteins 

35 (i), on the one hand, and the protein carrier molecule (ii), on the other hand, 
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are respectively: 

a) (i) IL-4 and (ii) KLH; 

b) (i) alpha interferon and (ii) KLH; 

c) (i) VEGF and (ii) KLH; 
5 d)(i)IL-10and(ii)KLH; 

e) (i) alpha interferon and (ii) gp 160 of VIH1; 

f) (i) IL-4 and (ii) the Bet v 1 allergenic antigen; and 

g) (i) VEGF and (ii) the papillomavirus E7 protein; 

h) (i) the inactivated VIH1 Tat protein and (ii) the VIH1 gp 120 

10 protein; 

i) (i) an IgE isotype human antibody and (ii) the inactivated VIH1 
Tat protein; 

j) (i) the ricin p fragment and (ii) KLH. 

19. A composition comprising an immunogenic product according 
15 to any one of claims 1 to 18. 

20. A pharmaceutical composition comprising an immunogenic 
product according to any one of claims 1 to 18 in association with one or 
more physiologically compatible excipients. 

21. An immunogenic composition comprising an immunogenic 
20 product according to any one of claims 1 to 18 in association with one or 

more physiologically compatible excipients. 

22. A vaccine composition comprising an immunogenic product 
according to any one of claims 1 to 18 in association with one or more 
physiologically compatible excipients. 

25 23. An immunogenic composition or a vaccine composition 

according to any one of claims 21 or 22, characterized in that it comprises 
the CpG immunity adjuvant. 

24. A method for preparing an immunogenic product according to 
any one of claims 1 to 18, characterized in that it comprises the following 

30 steps of: 

a) incubating the antigenic proteins (i) and the carrier molecule (ii) 
in a molar ratio (i):(ii) ranging from 10:1 to 50:1 in the presence of a 
chemical binding agent; 

b) collecting the immunogenic product comprising immunogenic 
35 heterocomplexes being prepared in step a). 
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25. A method according to claim 23, characterized in that the 
chemical binding agent is glutaraldehyde. 

26. A method according to any one of claims 24 and 25, 
characterized in that step a) is followed by a stabilizing step of the 
immunogenic heterocomplexes by the formaldehyde, prior to the step b) of 
collecting the immunogenic product. 




Figure 1 
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Figure 4 
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ANNEX A 

Amino acid sequence identity between human TNFa and TNFa from 

other species 



Name 


Name 


Identity Score (%) 


Human (P01375)* 


Chimpanzee (Q8HZD9) 


99.6 




Baboon sp. (P33620) 


98.3 




Chacma baboon (077510) 


95.7 l 




Olive baboon (P59695) 


94.9 




Cynomolgus (P79337) 


94.9 




Mouse (P06804) 


79.8 




Rat (P1 6599) 


79.4 




Guinea pig (P51435) 


80.3 




Rabbit (P04924) 


79.8 




Dog(P51742) 


91.0 




Cat (P1 91 01) 


90.6 



* Numbers in parenthese : Accesion number in the SwissProt database 



ANNEX B 

Comparison between human TNFa with TNFa from other sepcies 




Comparison between human TNFa and macaque TNFa 



B 




Comparison between human TNFa and porcine TNFa 



Comparison between human TNFa and dog TNFa 



Comparison between human TNFa and murine TNFa 
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Immunostimulatory CpG motifs trigger a T helper-1 
immune response to human immunodeficiency virus type 
1 (HIV-1) gp 160 envelope proteins. 



Demi L, Schirmbeck R, Reimann J, Wolf H, Wagner R . 

Institute of Medical Microbiology, University of Regensburg, 
Germany. 

Bacterial DNA sequences containing unmethylated CpG 
motifs have recently been proposed to exhibit 
immunostimulatory effects on B-, T- and NK cells, leading 
to the induction of humoral and cell-mediated immune 
responses. In the present study we investigated the 
immunomodulatory effects of a CpG-containing 
oligodeoxynucleotide (CpG ODN) to the HIV-1 gp 160 
envelope (Env) protein in the BALB/c mouse model. Priming 
and boosting of mice with gp 160 adsorbed to aluminium 
hydroxide (Alum) induced a typical T helper-2 (Th2)- 
dominated immune response with high titers of gp 160- 
specific immunoglobulin (Ig)Gl isotypes but a weak IgG2a 
response. Specifically re-stimulated splenocytes from these 
mice predominantly secreted interleukin (IL)-5 but only 
minute amounts of interferon-gamma (IFN-gamma) upon 
specific re-stimulation. In contrast, a boost immunisation of 
gp 160/Alum primed mice with a gp 160/Alum/CpG 
combination resulted in a seven times higher production of 
IgG2a antibodies, without affecting the titers of IgGl 
isotypes. Furthermore, approximately 10-fold increased 
levels of IFN-gamma, but significantly reduced amounts of 
IL-5, were secreted from gp 160-restimulated splenic cells. 
A further greater than 30-fold increase in the levels of 
specific IgG2a responses and a substantially elevated 
secretion of IFN-gamma were observed when the mice 
received gpl60/Alum/CpG combinations for priming and 
boost injections. Thus, CpG ODNs are useful as an adjuvant 
to induce a typical ThO/Thl response to HIV gp 160 
proteins. However, despite the induction of a more Thl-like 
immune response, gp 160/Alum/CpG combinations were 
not sufficient to prime an Env-specific cytotoxic T-cell (CTL) 
response. 
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Adjuvant activities of immune response modifier R-848: 
comparison with CpG ODN. 



Vasilakos JP, Smith RM. Gibson S3, Lindh JM, 
Pederson LK, Reiter MJ, Smith MH, Tomal MA . 

Department of Pharmacology, 3M Pharmaceuticals, St. Paul, 
Minnesota 55144, USA. 

R-848 and imiquimod belong to a class of immune response 
modifiers that are potent inducers of cytokines, Including 
IFN-alpha, TNF-alpha, IL-12, and IFN-gamma. Many of 
these cytokines can affect the acquired immune response. 
This study examines the effects of R-848 on aspects of 
acquired immunity, including immunoglobulin secretion, in 
vivo cytokine production, and Ag-specific T cell cytokine 
production. Results are compared with those of Thl CpG 
ODN. R-848 and CpG ODN are effective at skewing 
immunity in the presence of Alum toward a Thl Ab 
response (IgG2a) and away from a Th2 Ab response (IgE). 
R-848 and CpG ODN are also capable of initiating an 
immune response in the absence of additional adjuvant by 
specifically enhancing IgG2a levels. Both R-848 and 
imiquimod showed activity when given subcutaneously or 
orally, indicating that the compound mechanism was not 
through generation of a depot effect. Although CpG ODN 
behaves similarly to R-848, CpG ODN has a distinct 
cytokine profile, is more effective than R-848 when given 
with Alum in the priming dose, and is active only when 
given by the same route as the Ag. The mechanism of R- 
848's adjuvant activity is linked to cytokine production, 
where increases in IgG2a levels are associated with IFN- 
alpha, TNF-alpha, IL-12, and IFN-gamma induction, and 
decreases in IgE levels are associated with IFN-alpha and 
TNF-alpha. Imiquimod also enhances IgG2a production 
when given with Ag. The above results suggest that the 
imidazoquinolines R-848 and imiquimod may be attractive 
compounds for use as vaccine adjuvants and in inhibiting 
pathological responses mediated by Th2 cytokines. 
Copyright 2000 Academic Press. 
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CpG DNA as a Th1 -promoting adjuvant in immunization 
against Trypanosoma cruzi. 



Corral RS, Petray PB . 

Laboratorio de Virologia, Hospital de Ninos Ricardo Gutierrez, Gallo 
1330, 1425, Buenos Aires, Argentina. ppetray@conicet.gov.ar 

Thl-type immune response plays a critical role in resistance 
to Trypanosoma cruzi infection. We asked whether a 
synthetic oligodeoxynucleotide that contains 
immunostimulatory CpG motifs (CpG ODN), known to 
promote a Thl response, could act as an adjuvant in 
immunization with parasite antigens. Mice immunized with 
a whole homogenate (WH) of T. cruzi antigens co- 
administered with CpG ODN presented high titers of T. cruzi 
antibodies (IgG2a isotype), strong delayed type 
hypersensitivity and a Thl-dominated (IFN-gamma and IL- 
12) cytokine profile. Furthermore, WH plus CpG ODN 
protected mice from challenge with an otherwise lethal dose 
of bloodstream trypomastigotes. As reported for 
leishmaniasis and malaria, CpG ODN holds considerable 
promise as an adjuvant for future vaccines against T. cruzi. 
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CpG DNA is an effective oral adjuvant to protein antigens 
in mice. 



McCjuskie MJ, Weeratna RD, KriecLAM, DayjsHL. 

Loeb Health Research Institute at the Ottawa Hospital, 725 
Parkdale Avenue, Ont, K1Y 4E9, Ottawa, Canada. 

We have previously reported that synthetic 
oligodeoxynucleotides containing immunostimulatory CpG 
motifs (CpG ODN) are potent adjuvants to protein 
administered by intramuscular (IM) injection or intranasal 
(IN) inhalation to BALB/c mice. Herein, we have evaluated 
oral delivery of CpG ODN with purified hepatitis B surface 
antigen (HBsAg) or tetanus toxoid (TT) to determine its 
potential as an adjuvant to oral vaccines. CpG ODN 
augmented systemic (IgG in plasma, CTL, T-cell 
proliferation) and mucosal (IgA in lung, vaginal or gut 
washes, feces and saliva) immune responses against both 
antigens. CpG stimulated both T-helper type 1 (Thl) (CTL, 
IgG2a) and Th2 (IgGl, IgA) responses when delivered 
orally. Results from this study indicate that stimulatory CpG 
ODN may be effective as an adjuvant with oral vaccines. 
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Adjuvant effects of CpG oligodeoxynucleotides on 
responses against T-independent type 2 antigens, 



KovarikX Bozzotti P, louflneC, PavjsHL Lambert 
PH. Kriea AM, Siearlst CA . 

World Health Organization Collaborating Centre for Neonatal 
Vaccinology, C.M.U., Rue Michel Servet 1, CH-1211 Geneva 4, 
Switzerland. 

Oligodeoxynucleotides containing CpG motifs (CpG-ODN) 
are potent in vitro B-cell activators and they have been 
successfully used to increase In vivo antibody responses to 
T-dependent peptide and protein antigens. In contrast, the 
use of CpG-ODN to enhance in vivo antibody responses to 
various T-independent type 2 (TI-2) antigens has recently 
generated contradictory results. In this study, we compared 
the CpG-ODN stimulatory effect on antibody responses of 
adult and young BALB/c mice to trinitrophenylaminoethyl- 
carboxymethyl (TNP) -Ficoll and to polysaccharides (PS) 
from several distinct serotypes of Streptococcus 
pneumoniae (SPn). CpG-ODN co-administration significantly 
enhanced antigen-specific immunoglobulin M (IgM), IgG, 
IgGl and IgG2a titres to TNP-Ficoll. The depletion of CD4+ 
cells by monoclonal antibodies (GK1.5) identified their 
essential role in CpG-ODN-mediated enhancement of 
antibody responses. In contrast to TNP-Ficoll, CpG-ODN 
failed to enhance IgM and IgG responses to any of the 18 
SPnPS serotypes tested. Providing T-cell epitopes by the 
conjugation of SPnPS to the carrier protein tetanus toxoid 
again allowed CpG-ODN to mediate enhancement of IgG, 
IgG2a and IgG3 responses to most SPnPS serotypes. Thus, 
antigen-presenting cell/T-cell interaction appears to largely 
mediate the in vivo influence of CpG-ODN on antibody 
responses to TI-2 antigens. In early life, additional factors 
limit CpG-ODN modulation of antibody responses to TI-2 
antigens. 
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Intranasal immunization with CpG oligodeoxynucleotides 
as an adjuvant dramatically increases IgA and protection 
against herpes simplex virus-2 in the genital tract. 



Gallichan WS. Woolstencroft RN, Guarasci T , 
McCluskie MJ. Davis HL, Rosenthal KL . 

Centre for Gene Therapeutics, McMaster University, Hamilton, 
Ontario, Canada. 

Development of vaccines capable of preventing the 
transmission or limiting the severity of sexually transmitted 
viruses, such as HSV and HIV, will likely be dependent on 
the induction of potent long-lasting mucosal immune 
responses in the genital tract. Recently, synthetic 
oligodeoxynucleotides (ODN) containing immunostimulatory 
CpG motifs were shown to serve as potent adjuvants for the 
induction of mucosal immune responses. Here, we show 
that intranasal immunization with CpG ODN, plus 
recombinant glycoprotein B (rgB) of HSV-1, results in 
significantly elevated levels of specific anti-gB IgA Abs in 
vaginal washes that remained high throughout the estrous 
cycle. Additionally, dramatically elevated numbers of 
specific IgA Ab-secreting cells were present and persisted in 
the genital tract in response to intravaginal (IVAG) HSV-2 
challenge. HSV-2-specific CTL were observed at moderate 
levels in the spleens of CpG or non-CpG ODN-immunized 
mice. In contrast, strong CTL responses were observed 
locally in the genital tissues of both groups following IVAG 
HSV-2 challenge. Interestingly, mice immunized 
intranasal^ with rgB plus CpG ODN, but not non-CpG ODN, 
were significantly protected following IVAG HSV-2 
challenge. Measurement of virus in protected CpG- 
immunized mice revealed a log lower level of replication 
within the first few days after infection. In conclusion, these 
results indicate that intranasal immunization with CpG ODN 
plus protein mediates immunity in the female genital tract 
capable of protecting against a sexually transmitted 
pathogen. 
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Vaccination with DNA containing tat coding sequences and 
unmethylated CpG motifs protects cynomolgus monkeys 
upon infection with simian/human immunodeficiency virus 
(SHIV89.6P). 



Cafaro A, Titti F, Fracasso C, Maggiorella MT, 
Baroncelli S, Caputo A, Goletti P, Borsetti A, Pace M, 
Fanales-Belasio E, Ridolfi B, Negri PR, Sernlcola L, 
Belli R, Corrias F, Macchia I, Leone P, Michelini Z, ten 
Haaft P, Butto S. Veranl P. Ensoli B. 

Laboratory of Virology, Istituto Superiore di Sanita, Viale Regina 
Elena 299, 00161 Rome, Italy. 

Recent evidence suggests that a CD8-mediated cytotoxic T 
cell response against the Tat protein of human 
immunodeficiency virus (HIV)/simian immunodeficiency 
virus (SIV) controls primary infection after pathogenic virus 
challenge, and correlates with the status of long-term 
nonprogressor in humans. Due to the presence of 
unmethylated CpG sequences, DNA vaccination can boost 
the innate immunity driving more potent T cell-mediated 
immune responses. Therefore, cynomolgus monkeys were 
vaccinated with a tat-expressing vector containing defined 
unmethylated CpG sequences (pCV-tat). Here it is shown 
that the intramuscular inoculation of the pCV-tat contained 
primary infection with the highly pathogenic SHIV89.6P 
virus preventing the CD4(+) T cell decline in all the 
vaccinated monkeys. Undetectable virus replication and 
negative virus isolation correlated in all cases with the 
presence of anti-Tat CTLs. However, a CD8-mediated non 
cytolytic antiviral activity was also present in all protected 
animals. Of note, this activity was absent in the controls but 
was present in the monkey inoculated with the CpG-rich 
vector alone that was partially protected against viral 
challenge (i.e. no virus replication but positive virus 
isolation). These results suggest that a CTL response 
against Tat protects against primary infection by blocking 
virus replication at its early stage, in the absence of 
sterilizing immunity. Nevertheless, the boost of the innate 
immunity by CpG sequences can contribute to this 
protection both by driving more potent CTL responses and 
by inducing other CD8-mediated antiviral activities. Thus, 
the CpG-rich tat DNA vaccine may represent a promising 
candidate for preventive and therapeutic vaccination 
against AIDS. 
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The adjuvant effect of synthetic oligodeoxynucleotide 
containing CpG motif converts the anti-Haemophilus 
influenzae type b glycoconjugates into efficient anti- 
polysaccharide and anti-carrier polyvalent vaccines. 



von Hunolstein C, Mariotti S, Teloni R , Alfarone G, 
Romaanoli G, Orefici G, Nisini R . 

Laboratorio di Batteriologia e Micologia Medica, Istituto Superiore di 
Sanita, Viale Regina Elena 299, 00161, Rome, Italy. 

Synthetic oligodeoxynucleotides containing CpG 
immunostimulatory sequences (ISS) have been shown to 
act as potent adjuvants of type 1 immune responses when 
co-administered with protein or peptide vaccines. We have 
recently shown that ISS can increase the anti- 
polysaccharide (CHO) and anti-tetanus toxoid (TT) or anti- 
diphtheria (CRM) toxoid antibody levels if used as adjuvant 
of anti-Haemophilus influenzae type b (Hib) CHO vaccine 
conjugated with TT or CRM. The analysis of anti-TT and 
anti-CRM IgG subclasses showed a significant increase in 
IgG2a, IgG2b and/or IgG3 in the presence of ISS. Anti-TT 
and anti-CRM antibodies were shown to neutralize the 
activity of both the tetanus and diphtheria toxin in vivo or 
in vitro tests respectively. These data show that ISS have 
the potential to increase host antibody response against 
both the CHO and the protein component of a conjugated 
vaccine, and encourage the investigation to identify 
strategies of vaccination with schedules aimed at the 
valuation of protein carriers as protective immunogens. 
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Human papillomavirus virus-like particles are efficient oral 
immunogens when coadministered with Escherichia coli 
heat-labile enterotoxin mutant R192G or CpG DNA. 



Gerber S, Lane C, Brown DM, Lord E, Pi Lorenzo M, 
Clements JD. Rybicki E, Williamson AL, RoseRC. 

University of Rochester Medical Center, Rochester, New York 
14642, USA. 

Certain human papillomaviruses (HPVs) cause most cervical 
cancer, which remains a significant source of morbidity and 
mortality among women worldwide. HPV recombinant virus- 
like particles (VLPs) are promising vaccine candidates for 
controlling anogenital HPV disease and are now being 
evaluated as a parenteral vaccine modality in human 
subjects. Vaccines formulated for injection generally are 
more costly, more difficult to administer, and less 
acceptable to recipients than are mucosally administered 
vaccines. Since oral delivery represents an attractive 
alternative to parenteral injection for large-scale human 
vaccination, the oral immunogenicity of HPV type 11 (HPV- 
11) VLPs in mice was previously investigated; it was found 
that a modest systemic neutralizing antibody response was 
induced (R. C. Rose, C. Lane, S. Wilson, J. A. Suzich, E. 
Rybicki, and A. L. Williamson, Vaccine 17:2129-2135, 
1999). Here we examine whether VLPs of other genotypes 
may also be immunogenic when administered orally and 
whether mucosal adjuvants can be used to enhance VLP 
oral immunogenicity. We show that HPV-16 and HPV-18 
VLPs are immunogenic when administered orally and that 
oral coadministration of these antigens with Escherichia coli 
heat-labile enterotoxin (LT) mutant R192G (LT R192G) or 
CpG DNA can significantly improve anti-VLP humoral 
responses in peripheral blood and In genital mucosal 
secretions. Our results also suggest that LT R192G may be 
superior to CpG DNA in this ability. These findings support 
the concept of oral immunization against anogenital HPV 
disease and suggest that clinical studies involving this 
approach may be warranted. 
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[CpG-ODN is a potential candidate adjuvant for human 
vaccines] 



[Article in Chinese] 

Xu H, Wang S, Guo F, Lu R. Ruan L . 

Department of Viral Genetics and Immunology, Institute of 
Virology, Chinese Academy of Preventive Medicine, Beijing 100052, 
China. 

OBJECTIVE: To evaluate the adjuvanticity of CpG-ODN for 
human vaccines in animal models. METHODS: To find 
suitable animal models, the human CpG-ODN were 
examined for their in vitro immunostimulatory activities for 
murine and Rhesus monkey immune cells. Then by using 
recombinant HBsAg as a model antigen, the adjuvanticity of 
human CpG-ODN was evaluated in the animal models. 
RESULTS: Rhesus monkey B cells responded well to all the 
human CpG-ODN, similarly as that of human B cells. In 
contrast, only the human CpG-ODN with the CpG motif 
5'GTCGTT 3' (CpG2006 etc) could induce murine 
splenocytes to secret IgM and IFN-gamma, while those with 
the CpG motif 5'GTCGTC 3' (CpGT7 etc) had less or no 
effects. The results suggested that Rhesus monkeys and 
mice could be used as animal models to evaluate the in vivo 
activities of different human CpG-ODN. Immunized with 
HBsAg combined with various human CpG-ODN, the mice 
elicited a stronger Thl humoral immunity. Consistent with 
the in vitro findings, CpG-ODN with the CpG motif 
5'GTCGTT 3' were more potent than those with the CpG 
motif 5'GTCGTC 3'. But of note, all the sequences had the 
same ability for modulation of Thl/Th2 immune response, 
with the ratio of IgG2a/IgGl around 1. However, human 
CpG-ODN had less adjuvanticity for HBsAg in Rhesus 
monkeys; only CpGT7 increased the antibody titers by 2 
times, while CpG2006 had no effect. CONCLUSION: The 
preliminary results derived from animal models showed that 
CpG-ODN was a potential candidate Thl adjuvant for 
human vaccines. 
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CpG oligodeoxynucleotides induce human monocytes to 
mature into functional dendritic cells. 



Gursel M, Verthelvi P. Klinman DM . 

Section of Retroviral Immunology, Center for Biologies Evaluation 
and Research, Food and Drug Administration, Bethesda 20892, 
USA. 

Dendritic cells (DC) excel at presenting antigen to T cells 
and thus make a key contribution to the induction of 
primary and secondary immune responses. DC matured in 
vitro and pulsed with antigen show promise for the 
immunotherapy of cancer and infectious diseases. Synthetic 
oligonucleotides (ODN) expressing immunomodulatory 
"CpG motifs" were found to boost APC function in mice. 
Current results demonstrate that the recently identified "D" 
type of CpG ODN stimulate human peripheral blood 
monocytes to mature into functionally active DC over 2-4 
days. The transition from monocyte to DC is characterized 
by the up-regulation of CD83, CD86, CD80, CD40 and the 
down-regulation of CD14. These DC support antigen- 
specific humoral and cellular responses in vitro and in vivo. 
The differentiation of these monocytes is mediated by 
plasmacytoid DC, which respond to D type ODN by 
secreting IFN-alpha. Since D type CpG motifs are present in 
bacterial and viral DNA, the maturation of monocytes into 
functional DC may reflect a physiologic response that can 
be harnessed therapeutically through the use of CpG ODN. 
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Anti-IL-9 vaccination prevents worm expulsion and 
blood eosinophil in Trichuris mur/s-infected mice 

MeJisande Richard*** Richard K. Grends 5 , Neii E. Humphreys 5 , Jean-Christophe Renauld**, and Jacques Van Snick* + 

•Ludwig Institute -for Cancer Research, Brussels Branch, B-1 200-Brusselj; ♦Experimental Medicine Unit. Christian de Duve Institute of Cellular Pathology, 
University Cathollque de Louvain, Brussels, Belgium; and 'Department of Cell and Structural Biology, University of Manchester, Manchester, Ml 3 9PT 
United Kingdom 
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Production of neutralizing arrtWL-9 antibodies was induced in mice 
by immunization with mouse IL-9 coupled to ovalbumin. In the six 
mouse strains tested, a strong and long-lasting anti-IL-9 response 
developed with seric inhibitory titers of 1 0~ 3 to 10~ 5 , as measured 
in an in vitro IL-9-dependent cell proliferation assay. In vivo, this 
immunization completely abrogated the increase in mast-cell pro- 
teased levels as well as the eosinophil observed in mice after 
implantation of an IL-9-secreting tumor. We took advantage of this 
method to assess the role of IL-9 in Infections with nematode 
Trichuris muris, where IL-9 production correlates with the resistant 
phenotype. C57BL/6 mice, which normally expel the parasite, 
became susceptible after anti-iL-9 Immunization, demonstrating 
that IL-9 plays a critical role in this model, in addition, neutraliza- 
tion of IL-9 also inhibited parasite-Induced biood eosinophilia. 
Taken together, the present data demonstrate the potency of our 
strategy to antagonize IL-9 In vivo and shows that this cytokine 
plays a major role in resistance against T. muris infection. 

Since its discovery as a T and mast-cell growth factor pro- 
duced by Th2 cells (1-3), IL-9 physiological roles have 
gradually expanded (4). Prominent features, disclosed by anal- 
ysis of transgenic mice overexpressing 11^9, include increased 
susceptibility to lymphomagenesis (5), intestinal mastocytosis 
(6), expansion of the B-1 lymphocyte population (7), bronchial 
hyperresponsiveness (8, 9), and airway eosinophilia (10). In line 
with these observations, genetic analyses revealed a linkage 
between both LL9 and JL9R genes to human asthma (11, 12), a 
rinding that was ccmfirmed, with respect to IL-9, in murine 
models (13), 

Although detrimental in asthma, elevated production of Th2 
cytokines has been reported to correlate with resistance to 
certain parasite infections (14). IL-9, for example, was found to 
enhance mouse resistance to infection with the cecal dwelling 
nematode Trichuris muris (15). This resistance was associated 
with high IgE and IgGl levels, as well as with pronounced 
intestinal mastocytosis. 

On the basts of these observations, inhibiting IL-9 activity in 
vivo would probably be beneficial in asthma and deleterious in 
parasite infections. To test these predictions and evaluate the 
actual importance of IL-9 in these processes, we developed a 
method aimed at inducing anti-IL-9 autoantibodies in vivo. 

The absence of T cell help has been suggested previously to be 
crucial for B cell tolerance toward self proteins (16). Therefore, 
by providing physically linked T cell help, it should be possible 
to overcome B cell nonresponsiveness toward self antigens. By 
using bovine luteinizing hormone (LH) as a self protein coupled 
to ovalbumin (OVA), Johnson et aL (17) were able to induce high 
titers of autoantibodies against LH, causing cows to become 
anestrous. Similarly, a vaccine that prevents pregnancy in women 
was developed by coupling human chorionic gonadotropin and 
ovine luteinizing hormone to tetanus and diphtheria toxoids 
(18). More recently, immunization with a fusion protein between 
an OVA epitope and mouse TNF-a was found to prevent 
experimental cachexia and collagen-induced arthritis in 
mice (19). 



Here, we report that chemical linking of murine IL-9 to OVA 
results in the formation of a highly immunogenic complex that 
ensures production of high titers of neutralizing anti-IL-9 anti- 
bodies in mice. These autoantibodies were able to prevent 
IL-9-induced mast-cell activation and eosinophilia. In addition, 
they considerably increased mouse susceptibility to T. muris 
infection. 

Materials and Methods 

Mice and Parasites. All mice used in this study were females bred 
at the Ludwig Institute's animal facility under specific pathogen- 
free conditions. The maintenance of T. muris and the method 
used for infection and evaluation of worm burden were as 
described by Wake J in (20). Mice were infected with approxi- 
mately 200 eggs and bled or killed at various time points after 
infection, as described. 

Cell Culture and Cytokines. DMEM supplemented with 10% fetal 
calf serum/50 uM 2-mercaptoethanol/0.55 mM l^arginine/0.24 
mM i^asparagine/1.25 mM L-glutamine was used for all exper- 
iments. 

Recombinant murine ILp9 and IL-4 were purified from bac- 
ulovirus-infected Sf9 insect cell cultures, as previously described 
(21). The supernatant of DBA/2 spleen cells cultured for 48 hr 
in the presence of 1 ng/ml of phorbol 12-myristate 13-acetate 
(Sigma) and 200 ng/ml of calcium ionophore A23187 (Sigma) 
was used as a source of natural mouse IL-9. 

Preparation of IL-9-OVA Complexes and immunization Protocol IL- 

9-OVA complexes were obtained by crosslmking mouse IL-9 and 
OVA (Sigma) with gmtaraldehvde. The reaction was carried out 
under shaking in 0.1 M phosphate buffer pH 7, first at room 
temperature for 3 hr, then overnight at 4°C, by mixing equimolar 
amounts of purified recombinant murine IL-9 and OVA with 
glutaraldehyde (Merck) at a final concentration of 50 mM. 

The completed proteins were separated from the starting 
material by size exclusion chromatography on a Superose col- 
umn (Pharmacia) equilibrated in PBS supplemented with Tween 
20 (10~ 4 ; vol/vol) and 0.2 M Nad LL-9-OVA complexes were 
detected in column fractions by ELES A by using 2C12, a hamster 
monoclonal anti-IL-9 antibody produced in our laboratory for . 
capture, and a rabbit anti-OVA antiserum followed by peroxi- 
dase-conjugated anti-rabbit antibody (Santa Cruz Biotechnol- 
ogy) for detection of complexes. The size of the conjugates 
ranged from 60 to greater than 1,000 kDa, as observed in 
SDS/PAGE. For immunization, all material containing EL-9 
with a size exceeding 60 kDa was pooled. 



Abbreviations: CFA. complete Freumfs adjuvant; OVA. ovalbumin; MMOM, mouse mast 
cell proteas©-1; Th, T helper cell; VSV-G, vesicular stomatitis virus glycoprotein. - 
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Mice were primed subcutaneously in the tail with a 100-/xl 1/1 
mixture of complete Freund's adjuvant (CFA) (Difco) and 
complexed proteins in PBS [depending on the experiment (1, 2, 
5) or 10 fig EL-9-OVA complex]. Two subcutaneous boosts were 
performed with the same quantity of antigen, mixed 1/1 with 
incomplete Freund's adjuvant (Difco), after 2 wk and 4 wk. In 
most experiments, mice were bled 15 days after the second boost. 
Control mice received either an equivalent amount of OVA in 
Freund's adjuvant or adjuvant alone. 

Detection of Anti-IL-9 Antibodies. Anti-EL~9 antibody titers were 
measured by testing the inhibitory activity of the sera on the 
proliferation of TS1 cells that respond to JLr9 and IL-4 (1). In 
this assay, one cytokine unit/ml, defined as the concentration 
required for half-maximal proliferation, corresponds to 25 pg/ml 
for IL-9 and 250 pg/ml for IL-4, respectively. Sera were serially 
diluted in 96-weU plates containing culture medium and incu- 
bated in the presence of 2.5 units/ml mIL-9 or mIL-4 for 1 nr. 
TS1 cells were extensively washed and 2^00 cells added per well 
Cells were incubated at 37°C, 8% CO2 for 3 days, and prolifer- 
ation was measured by hexosaminidase activity determina- 
tion (22). 

Spontaneous and Specific 19 Production. Baseline seric Ig levels 
were measured in groups of five 20-wk-old IL-9-OVA immu- 
nized or control C57BL/6 mice, as previously described (23). 
Antigen-specific responses were induced, 3 wk after the last 

. boost with 11^9-0 VA or CFA, in BALB/c mice by i.p. injection 
of Aspergillus protein (200 jtg, Bayer, Wuppertal, Germany) in 
alum (2.25 mg, Pierce) twice a week for 4 wk. Anti -Aspergillus 
JgGl and IgE antibodies, as well as total IgE, which is increased 
in response to Aspergillus, were measured by ELISA. For specific 
antibody determination, micro titer plates (Nunc, Immunoplates) 
were coated withAspergillus antigen (10 /xg/ml, Bayer) in 20 mM 
glycine buffer containing 30 mM NaQ, pH 9.2 and incubated 
overnight at 4*G After washing in 0.1 M NaQ plus Tween 20 
(5 x 10~ 4 ), serial dilutions of samples were added, and plates 
were incubated for 2-3 hr at 37°C. Plates were then washed as 
before and soaked for 7 min in 0.1 M NaQ containing Nonidet 
P-40 1% (Fluka) before further incubation. Bound Ig were 
detected by using rat anti-IgGl or anti-IgE monoclonal antibod- 
ies coupled to peroxidase (1MEX, University of Louvain, Brus- 
sels). Tne assay was developed by adding 2,2'-azino-bis-(3-etbyl 
benzthiazoline 6 sulfonic acid) (Sigma), as described in PharM- 

. ingen's ELISA protocol. The absorbance at 405 nm was mea- 
sured, and nonsaturating serum dilutions were compared for 
analysis. 

Blood Leukocyte Population Analysis and Eosinophil Counts. Blood 
leukocyte populations were analyzed 10 mo after the last boost 
in C57BL/6 mice immunized with IL-9-OVA (four mice) or 
vehicle (four mice). Briefly, heparinized blood samples were 
centrifuged on a Ficoll layer (Ficoll/Paque, Pharmacia) and 
incubated for 5 min in 0.15M NH4CI for red blood cell lysis. Cells 
were labeled with FITC-coupled anti-CD4 or anti-CD8 antibod- 
ies (H129.19 and 53-6.7, respectively; GIBCO/BRL), biotin- 
ylated rat anti-Mac-1 antibodies (Ml/70, rat IgGl) followed by 
phycoerytbrin-conjugated streptavidin (Becton Dickinson) and 
FTTOconjugated anti-IgM (LOMM9; IMEX). After staining, 
cells were fixed in paraformaldehyde (1.25%), and fluorescence 
intensity was measured on 10,000 cells/sample in a FACScan 
apparatus (Becton Dickinson). 

Blood eosinophils were counted on slides prepared by cen- 
trifugation of 30,000 Ficoll-purified leukocyte cells in a Cyto- 
spin3 apparatus (Shandon, Pittsburgh, PA) and stained by using 
.Diff-Quik Dade Behring (Deerfield; IL). 



MMCP-1 ELISA. Serum levels of MMCP-1 were measured by using 
an MMCP-1 ELISA kit from Moredun Animal Health (Peni- 
cuik, U.K.) as previously described (15). Briefly, rabbit anti- 
MMCP was used as capture antibody. Tenfold serial dilutions of 
serum were made from 1/10 to 1/10,000. A horseradish perox- 
idase-conjugated rabbit anti-mouse MMCP-1 was added and 
quantification made by reference to purified MMCP-1. Assays 
were developed as described above for Ig ELXSAs. 

Histology. The cecum tip was removed at autopsy from 7. 
muriHnfected animals (21 days after infection) and fixed in 
Camo/s fluid for 5 hr (for mast-cell counts) or in 4% neutral 
buffered formalin for 24 hr (for eosinophil counts), before 
processing by standard histological techniques. For mast-cell 
enumeration, sections were stained in 05% toluidine blue (pH 
03) and for eosinophils, slides were incubated in 0S% cbromo- 
trope 2R containing 1% phenol. Tne number of cells was 
determined in 20 cecal-crypt units per animal 

Statistical Analysis. Statistical analysis was performed by using the 
Mann-Whitney U test, with P values below 0.05 considered 
significant. 

Results 

Induction of Anti-IL-9 Autoantibodies. C57BL/6 mice were immu- 
nized with three injections of IL-9 crosslinked to OVA Two 
weeks after the last injection, the anti-IL-9 response was eval- 
uated by measuring seric inhibitory activities m a bioassay by 
using EL-9-dependent T cell line TS1. In a representative exper- 
iment shown in Fig. L4, sera were found to strongly inhibit 
IL-9-induced proliferation, half-maximal inhibition of 2.5 
units/ml mIL-9 being obtained at serum dilutions ranging from 
10" 4 to 10~ 5 . Sera from mice immunized with noncomplexed 
IL-9 and OVA or with adjuvant only had no inhibitory activity. 
Also, IL-9-EL-9 complexes were unable to induce any anti-IL-9 
response (data not shown). Because the immunization and the 
IL-9 assay were carried out with recombinant IL-9 produced in 
insect ceils, it was important to verify that the sera also inhibited 
natural mouse IL-9. As shown in Fig. IB, both forms of EL-9 were 
inhibited, whereas IL-4, which also stimulates TS1 cell prolifer- 
ation, was not, thus providing clear specificity proof. Dose- 
response analyses showed that optimal antibody responses were 
obtained with three injections of 2-/ig complexes. Increasing the 
amount of injected material to 10 /ig did not increase inhibitory 
titers (data not shown). 

Because C57BL/6 mice have been reported to be low IL-9 
producers (13), we sought to extend our observations to other 
mouse strains. Immunization of FVB, NOD, BALB/c, DBA/2, 
and NZW mice with IL-9-OVA complexes induced very signif- 
icant anti-IL-9 responses in all strains tested, demonstrating the 
general applicability of our immunization protocol (Fig. 2). A 
striking feature of the observed anti-IL-9 response was its 
persistence (Fig. 3). In fact, titers remained elevated for more 
than a year after the last boost, suggesting that the vaccinated 
animals could be used to evaluate the consequences of long-term 
IL-9 blockade in vivo. 

Inhibition of lL-9-lnduced Mast-Cell Activation and Eostaophilia In 
IL-9-Vacdnated Mice. An EL-9- secreting T cell line, able to grow in 
C57BL/6 mice, was used to raise IL-9 levels in vivo. This cell line, 
TS1.G6, secretes ±1 ng IL-9/10 6 ceHs/48 hr in vitro (24) and has 
been shown previously to induce high serum levels of MMCP-1 
(15). TS1.G6 cells were injected into the peritoneal cavity of 
untreated C57BL/6 mice or in mice immunized with either 
DL-9-OVA complexes or uncompleted EL-9 and OVA. In both 
control groups, MMCP-1 concentrations measured 25 days after 
TS1.G6 inoculation rose from 6 ng/ml in nontumor-bearing mice 
to 700 ng/ml. By contrast, in mice immunized with IL-9-OVA 
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Fig. 2. Production of antI-lL-9 autoantibodies fn different mouse strains. 
Eight-week-old C57BL/6, FVB, BALB/q NOD, DBA/2, or NZW mice were In- 
jected with IL-9-OVA complexes (four mice) or adjuvant only (four mice), as 
described in Materials and Methods. Serially diluted sera, collected 2 wk after 
the last immunization, were tested in a 751 cell proliferation assay. Inhibition 
titers, given for each mouse serum, correspond to serum dilutions Inhibiting 
IL-9-Induced cell proliferation by 50%. 
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Fig. 1. Induction of IL-9 specific autoantibodies. (A) Vaccination against IL-9. 
Groups of four C57BL/6 mice were Injected subcutaneously with IL-9-OVA 
complexes in CFA 0L-9-OVA), with noncomplexed IL-9 and OVA (IL-9 + OVA} 
or with CFA alone (CFA). Boosts were carried out In IFA after 2 and 4 wk. 
Serially diluted sera, collected 2 wk after the last Immunization, were tested 
for IL-9 Inhibition In a T51 cell proliferation assay. Cell growth was evaluated 
by measuring hexosaminidase activity. Means ± SD are indicated. (S) Speci- 
ficity of antWL-9 activity. Pools of 1/320 diluted sera from immunized (IL-9- 
OVA) or control (CFA) mice were tested for growth Inhibition of 731 cells. In 
the presence of either natural mJL-9, baculovirus-derived mIL-9 (rec), ormlL-4. 
Cell proliferation was measured after 3 days of culture. Results are given as 
means ± SO. 



complexes, MMCP-1 concentrations remained as low as 20 
ng/ml (/> « 0.03; Fig. 44). 

In addition to increasing MMCP-1 serum levels, TS1.G6 
inoculation also raised the percentage of eosinophils in periph- 
eral blood leukocytes from 0.16 ± 0.10 to 0.77 ± 0,15 (P = 
0.016). This eosmophilia was completely abrogated in mice 
immunized with EL-9-OVA complexes (0.11 i 0.05%; P « 0.02) 
but not in mice immunized with, noncomplexed IL-9 and OVA 
(0.93 ± 0.35%) (Fig. 4B). 



Analysis of body weight, basal Ig levels, and peripheral blood 
leukocyte composition showed no significant anomalies in un- 
challenged vaccinated animals (data not shown). The influence 
of anti-IL-9 vaccination on antibody responses was also evalu- 
ated. BALB/c mice, immunized with IL-9-OVA for 2 mo, were 
challenged with Aspergillus fumigatus antigen. Both anti- 
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Fig. 3. Persistence of the antML-9 response In immunized mice. Three 
8-wk-old C57BL/6 mica were Injected s.c with IL-9-OVA complexes in CFA. 
Mice were boosted with IFA after 2 and 4 wk. Serum was collected 2, 4> 6, 8, 
12, 26, and 56 wk after priming and tested for arrtML-9 activity In a TS1 ceD 
proliferation assay. Results are given as the Inhibition titer for individual 
mouse sera. 
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Table 1. Normal antibody responses against Aspergillus antigen 
in lL-9-OVA-vacdnated BALB/c mice 
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Fig. 4. Inhibition of IL-S-induced mast-cell activation and eosinophilia in 
Immunized mice. Seven-week-old C57BL/6 mice subjected to the IL-9-OVA 
Immunization protocol or Immunized with noncoupled IL-9 and OVA or left 
untreated (five mice per group) were Injected I.p. with 10 7 tl-9-produdng 
T51.G6 cells, 5 mo after the last boost Five age-matched mice served as 
negative controls. All mice were tested 25 days later for MMCP-1 serum levels 
by EUSA CA), and blood leukocytes were Isolated for eosinophil counting (fl). 
Eosinophil percentages were determined by enumerating 20,000 cells per 
slide. Means ± 5EM are Indicated. 



Aspergillus IgGl and IgE responses developed similarly in vac- 
cinated and control animals (i» > 0.05; Table 1), indicating that 
anti-IL-9 immunization did not interfere with the development 
of normal antibody responses and did not prevent anti- 
Aspergillus IgE production. 

Inhibition of T. muHs Expulsion by Anti-IL-9 Vaccination. The pre- 
ceding results demonstrated the ability of anti-IL-9 vaccination 
to interfere with IL-9 activities in vivo and suggested that this 
procedure could be used to unravel new IL-9 biological func- 



Immunization 


Plate 


IgGl 


igE 


Vehicle 


Aspergillus 


0363 ± 0.002 


0.428 ± 0.023 




BSA 


0.054 ± 0.001 


0.109 ± 0.006 


IL-3-OVA 


Aspergillus 


0.227 i 0.055 


0.363 ± 0.083 




BSA 


0.046 ± 0.003 


0.117 ±0.028 



Anti-Asperglllus IgGl and IgE were detected in sera from control or from 
IL-9-OVA-immunized BALB/c mice Injected with A fumlgatus extracts (four 
mice per group). The values correspond to ahsorbance units at 405 nm 
measured at nonsaturatmg serum dilutions (172,500 for lgG1 and 1/20 for IgE) 
on plates coated with Aspergillus antigen or BSA as a control. Mean ± 5 EM are 
Indicated. 



tions. TS1.G6 cells as well as IL-9 transgenic mice have previ- 
ously been used to show that IL-9 can enhance resistance to the 
intestinal helminth T. muris (15). IL-9-vaccmated animals pro- 
vided the opportunity to test the actual requirement for IL-9 in 
a resistant strain. C57BL/6 mice, which under normal circum- 
stances rapidly expel the parasite, were vaccinated with IL-9- 
OVA and infected with T. muris eggs. Worms were counted in 
the cecum 34 days later. As shown in a representative experiment 
(Fig. 5A)> anti-IL-9 vaccinated animals failed to expel the 
parasite by this time, whereas seven of the eight control mice 
were parasite free. Blood eosinophilia induced by the infection 
was also totally abrogated in the immunized mice (Fig. 5B). By 
contrast, cecal eosinophil and mast-cell accumulations were 
rather increased in vaccinated animals, although not to the point 
to reach statistical significance (P > 0.05; Table 2). Also, total 
IgE serum concentrations were similarly increased in OVA- or 
IL-9-OVA-vaccinated animals (data not shown). 

Discussion 

The present results show that immunization of mice with mouse 
TLr9 chemically completed to OVA induces high titers of 
neutralizing anti-IL-9 antibodies. Anti-IL-9 vaccination was 
successful in the six mouse strains tested; irrespective of their 
IL-9 production levels. Proper covalent complex formation is 
essential because mice failed to produce neutralizing anti-IL-9 
antibodies when IL-9 and OVA were simply mixed with adjuvant 
Moreover, immunization with IL-9 crosslinked to OVA through 
carbodiimide or bisdiazobenzidine did not induce the production 
of neutralizing anti-IL-9 antibodies. Of note, these complexes 
failed to sustain IL-9-dependent cell growth in vitro, suggesting 
that modification of certain carboxyl and tyrosyl groups altered 
critical IL-9 epitopes. By contrast, IL-9-OVA complexes pro- 
duced with giutaraldehyde still sustained cell proliferation (un- 
published results). 

Both T cell-dependent and -independent mechanisms have been 
proposed to explain the induction of self-reactive antibodies. The 
notion that potentially self-reactive B cells are nonresponsive 
because of a lack of autoreactive T cell help has been well 
established in many experimental settings. Several years ago, Stock- 
inger (25) showed that nude mice reconstituted with T cells from 
complement factor C5 -deficient mice, and not from normal donors, 
develop antibodies inhibiting complement activity, demonstrating 
the existence of anti-C5 specific B cells in CS-sufficient animals 
lackmg functional T cells. This concept was confirmed with the 
advent of transgenic animals, expressing vesicular stomatitis virus 
glycoprotein (VSV-G), who were found to produce anti-VSV-G 
antibodies if immunized with VSV-G coupled to sperm-whale 
myoglobin, as a foreign carrier determinant (26). Still further 
refinement came from the demonstration that ubiquitin, modified 
by insertion of a single foreign immunodominant T helper epitope, 
was able to induce a strong and rapid ubiquitin -specific autoanti- 
body response (16). Besides this T cell-controlled tolerance, an 
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Fig. 5. Altered response to T. murfs In IL-3-OVA-vacdr*ated mke; (A) Failure 
of ll-9-OVA-frnmunlzed C57BL/6 mice to expel 7; maris. C57BL/6 mice Immu- 
nized wrth 1L-9-OVA complexes or vehicle (eight mice per group) were in- 
fected by oral gavage of 200 T. muris eggs. Worms were counted In ceca on day 
34 after Infection, and results are given as worm burden In each Individual. P 
value between groups is 0.001 . On day 1 3, the worm burden, assessed to verity 
inf ectlvtty, was similar in all animals. (8) Inhibition of T. murfe-tnduced blood 
eosinophil In lL-9-vaccinated mice. Blood eosinophils were counted 23 days 
after Infection from infected control or IL-9*vaccInated C57BL/6 mice or 
uninfected naive animals. Eosinophil percentages were determined by enu- 
merating 500 cells per slide. Results are presented as the mean percentage of 
blood eosinophils ± SEM (four mice per group). P value is 0.029 for the 
difference between OVA and IL-9-OVA groups. 



alternative possibility is that multimerization of antigen by itself 
triggers a T cell-independent antibody production. For example, 
mice transgenic for VSV-G can mount a T-mdependent IgM 
response against VSV-G when the protein is presented in a highly 
repetitive structure (on whole virions) but not in free form (soluble 
or at low concentration on cell. surfaces) (27). In our model, mere 
polymerization of IL-9 with glutaraldehyde was unable to break B 
cell tolerance (unpublished results), indicating that IL-9 polymers, 
even very large in size (60-1,000 kDa), are not sufficient to induce 



Table 2. Normal intestinal mastocytosis and eosinophil Infiltrates 
induced by T. muris Infection In IL-9-OVA-lmmunrzed mice 

T. maris Immunization Mast cells Eosinophils 



+ 



OVA 
IL-9-OVA 



2± 1 
88 ±63 
201 ±44 



8± 1 
56 ±11 
110 ± 11 



Mast cells and eosinophils were counted in ceca 21 days after Infection with . 
T. muris In C57BI/6 mice Immunized with OVA or IU9-OVA complexes or In 
uninfected animals (four mice per group). Results are presented as mean 
number of cells (±SEM) per 20 cecahcrypt units. 



anti-IL-9 responses. Moreover, the induction of anti-EL-9 autoan- 
tibodies is probably T cell dependent, because most of the anti-IL-9 
autoantibodies are IgGs (unpublished results). 

The anti-IL-9 antibodies induced by our vaccination proce- 
dure effectively suppressed IL-9 activities in vwo y as shown by the 
inhibition of mast-cell activation and eosinophil ia consecutive to 
implantation of IL-9-secreting tumor cells. Anti-IL-9 vaccination 
thus provides a new tool to study IL-9 functions in vivo. 

Immune responses to parasite infections represented an at- 
tractive system to evaluate the efficacy of anti-IL-9 vaccination, 
because IL-9 overproduction has been shown to promote rapid 
elimination of the cecal dwelling nematode T. muris (15). Our 
present observation that anti-IL-9 vaccination completely im- 
pairs worm expulsion provides the first formal demonstration of 
a strict requirement for this cytokine in this process. Experi- 
ments carried out with monoclonal anti-IL-9 antibodies derived 
from mice immunized with IL-9-OVA confirmed this conclusion 
(R.G., unpublished observations). 

Many experiments have proven that resistance to T. muris 
requires a Th2 reaction. Administration of XL-12 (28) or of 
anti-IL-4 receptor antibodies prevents worm expulsion in oth- 
erwise resistant mice, whereas anti-IFN-7 has curative activity in 
susceptible strains (29). IL-13-defIcient mice challenged with 7. 
muris also fail to expel the parasite (30). 

The impaired worm clearance observed in IL-9^vaccinated 
mice fits well with this notion. In addition, as IL-9 production in 
response to 7. muris is markedly reduced in EL-4 knockout mice 
and transiently in IL-13-deficient animals (30), the possibility 
arises that IL-9 itself may be the limiting factor required for 
successful parasite expulsion. This possibility is supported by the 
fact that EL-4, IL-5, and EL-13 production was not reduced in 
IL-9-vaccinated mice (MR., unpublished work). In this context, 
it is worth mentioning that IL-9 was the only Hi2 cytokine 
significantly depressed in mice that fail to clear infection as a 
result of anti-TNF-a treatment (31). In addition, prehminary 
experiments indicate that anti-IL-9 antibodies, but not IL-13RIg, 
inhibit 7. muris clearance in normal BALB/c mice (R.G., 
unpublished work). "Whatever the relative contributions of the 
different Th2 cytokines, which are likely to depend on mouse 
genetic background, understanding the precise role of IL-9 in 
mis model represents a major challenge. Indeed, inhibition of 
blood eosinophilia falls short of explaining the effect of IL-9 
immunization, because anti-IL-5 antibodies also block eosino- 
philia but do not affect worm expulsion (32). In addition, the IgE 
response and intestinal mast-cell infiltration induced by the . 
parasite were not impaired in IL-9-vaccinated mice. 

Our results further extend the efforts made to generate 
autoantibodies capable of regulating biological processes. Po- 
tential benefits could be drawn from anti-IL-9-vaccination in 
asthma (8, 9, 13) or in pathologies involving eosmophiPmediated 
toxicity, like allograft rejection (33). Earlier attempts were . 
successfully carried out mainly with hormones (17, 18), hormone 
receptors (34), or cellular components (35, 36), and recently 
extended to cytokines with reports of anti-IFN-a induction in 
AIDS patients (37) and of anti-TNF-a vaccination in mice (19). 
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By allowing selective inhibition of particular cytokines in adult 
animals, our procedure opens new possibilities to study and 
manipulate cytokine functions in vivo. By using the experi- 
mental conditions described in this paper, we were recently 
able to generate autoantibodies against IL-4, IL-6, IL-12, and 
TNF-a, but so far in virro-neutralizing antibodies were ob- 
tained only against IL-12 (Uyttenhove et al„ personal com- 
munication). Elucidating the mechanisms responsible for 
these differences will be of prime importance for future 
applications. 
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